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Intrinsic state molecular pseudoconnectivity indices, i.e., indices which are based on the intrinsic state concept
and which are built on the intrinsic and the electrotopological state values, are used to model different properties
of different classes of molecules: the side-chain molecular volume, the isoelectric point, the melting
temperatures, the solubility, the specific rotations, and the crystal density of amino acids, the motor octane
number and the melting temperatures of alkanes, the lattice enthalpy of metal halides, and the singlet excitation
energies of DNA/RNA bases. A series of three activities are also modeled: the rates of hydrogen abstraction,
the minimum anesthetic concentrations of chlorofluoroalkanes, and the antagonism of adrenalin by 2-bromo-
2-phenethylamines. The modeling of the properties has been compared with the modeling achieved by the
well-known molecular connectivity indices, while the modeling of the activities is compared with the modeling
achieved by specific E-state indices. A comparison with the modeling power of the molar masses is also
always stressed. Molecular pseudoconnectivity terms derived by a trial-and-error procedure are the best
descriptors for the melting temperatures and crystal density of amino acids, both properties of alkanes, the
lattice enthalpy of metal halides, the singlet excitation energies of DNA/RNA bases, the minimum anesthetic
concentration, and the adrenalin antagonism. Further, a molecular pseudoconnectivity term of chlorofluoro-
alkanes, where subclasses of compounds share the same value of connectivity indices, is the best dominant
descriptor for the rates of hydrogen abstraction. The advantage of these intrinsic state derived descriptors is
rendered even more evident in the study of the activity of 2-bromo-2-phenethylamines, where many compounds
show redundant connectivity and valence connectivity values. The modeling of the solubility of amino acids
with pseudoconnectivity descriptors requires the introduction of supra-pseudoconnectivity descriptors, a fact
that mimics a result already obtained with molecular connectivity indices. Sometimes a combination of
molecular connectivity and pseudoconnectivity indices achieves a remarkable modeling.

Introduction molecular connectivity whos#’ values have heuristically been

| defined?° This last result brings us to consider the possibility
to define new descriptors, which are not directly based on graph
attributes, but which are based on some molecular feature that

fcan impart to these new descriptors the characteristics of a
molecular invariant. The finding of new invariants is, in fact, a
task of paramount importance for a chemist as has indirectly

Recently, linear combinations of connectivity indices as wel
as molecular connectivity terms, which are derived from
molecular connectivity indices by means of a trial-and-error
procedure, proved to be good descriptors of a good deal o
physicochemical propertiés® Further, the recent introduction
of semiempirical molecular connectivity terms, into which an . - .
empirical parameter is embedded, has proved that it is evenP€€N emphasized by W. Ostwéidat the beginning of this
possible to model different properties of a wide heterogeneous €€Ntury- Kier and Hall in 1990 put forward a new molecular
class of organic compoundOne of the main characteristics structu_ral _mc_>de|, the electrotozpéologlcal state (E _sta'Fe), based
of molecular connectivity terms is that they offer the advantage On @n intrinsic |-state lconce?}ﬁt by the aid of which it was
of being highly dominant single descriptors, a fact that normally Possible from the atom’s topological environment to incorporate
allows the use of linear combinations of connectivity indices th€ information about the influence of the remainder of the
as well as of orthogonal descriptors to be short-circuited. A Molecular environment. Th& index of this E state, which
second practical advantage is that the construction proceduréncorporates the influence of the remainder of the molecular
of these higher-level molecular connectivity descriptors allows €nvironment, is a composite index embracing both electronic
the exponent of the molecular connectivity indices, which are @nd steric attributes of atoms and molecules, and it is directly
their basic parameters, to be indirectly optimized. Clearly, cOmparable to molecular orbital-type indices, or to steric
molecular connectivity indices and terms represent only a subset,Parameters. Further, it reflects the electronegativity of an atom,
even if an important one, of the entire set of graph theoretical the electronegativity of proximal and distant atoms, and its
indices (refs 7-18 and references therein) used up to date. topological state, and it shows some common features with t_he

Molecular connectivity indices and terms are directly based concept of free valence of an atom introduced by Coulson in
on the graph and pseudograph representations of a motéciile; 194826 Since then this new descriptor has successfully been
this last representation, the pseudograph representation, is of!sed in a wide variety of structurectivity studies, as well as
no use for inorganic compoun#&2and the achieved modeling  in studies encoding molecular similarity (see references in ref
of these Compounds is performed by the aid of valence 26) IndexS is a function of indexl, which defines the so-
called intrinsic | state of an atom that is based on graph and
T Fax: x39-984-492044. E-mail: lionp@unical.it. pseudograph parameters. Now, wHilend S values are atom-
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centered values even if the last one takes into consideration the Sy =S I ()
. . 1/4 i
whole molecular framework, it is not at all odd to define new :

whole molecular indices based on them in a similar way as

molecular connectivity indices are directly grounded on the 01/4 = Z('i)70'5 (4)
connectivity degree of a grapk)(and of a pseudograpld). I

These new indices, as they rotate around the intrinsic | concept 1, _ (H_)fo.s (5)
and are indirectly based on connectiwitandd¥ numbers, may 4 2 'l

be called intrinsic statés, molecular pseudoconnectivity indices Twl _ ('1"2"3---|N)_0'5 (6)

or just molecular pseudoconnectivity indices and denoted the
Greek lettery. They will consist of two subtypes of indices: ) i
{y} = {1, ve}, wherey, is the subset of thederived indices The sums in eqs 3 and 4 are taken over all atoms, while the
and ye is the subset of th&derived indices. Their indirect ~ SUM in €q 5 is over all edges ponds) of the molecular graph,
relation to topological characteristics together with their elec- (r)espelctlveITy. Replacingin eqs 3-6 with S, the subse{ ye,
tronic features should make them interesting descriptors of “¥& ‘¥ "%} of molecular pseudoconnectivity indices is
physicochemical properties and activities. Thus, either as single©btained. Superscripts S and T stand for sum and total; the other
descriptors or as linear combinations of pseudoconnectivity Superscripts follow the established denominatioryfordices?®
indices (LCpCI) or as molecular pseudoconnectivity teriis, Equations 3 and 5 deserve special attention. The'mdex defined
= f(y), they should achieve some sort of modeling. In the PY €d 3 had already been proposed to describe molecular
present study we will attempt to model with or y-derived polarity, while the_lndex of eq 5 strongly mimics the sum of
descriptors different properties of amino acids, alkanes, inorganic the bond-E-state indexgls = (lil;)°° where the exponent is
salts, and DNA/RNA bases and to compare the achieved model-Positive instead of negativé. _

ing with the modeling power of molecular connectivity descrip- ~ T0 avoid confusion, denominatiarfor S-derived values (and
tors and of the molar masses. The activities of chlorofluoroal- correspondingly for I-derived values) has not been chosen as
kanes and 2-bromo-2-phenethylamines will also be modeled asSymbol ase has already been used for edge-connectivity
they offer a good example of classes of compounds where a lotindices?®2 Further, the proposed name fdg molecular

of molecules show the same values of connectivity indiges, ~ PSeudoconnectivity indices, especially the portion “pseudocon-

and also (the second class) of valence connectivity indiges, ~ Nectivity”, has been chosen to avoid renaming the normal
connectivityy indices. In fact, naming them “indirect” molecular

connectivity indices would practically have forced renamjing
indices as direct molecular connectivity indices, while to name
The electronicS E-state index for ator proposed by Kier ~ them molecular electrotopological connectivity indices would
and HalP*26 to describe quantitatively the mutual influence of ~have required redefining the meaning of connectivity. Anyway,
non-hydrogen atoms in a molecule can be estimated by theth€ question of their names stays open and will surely be solved

following formula: in the near future. . .
Assuming that the relationship between propertsand

S=1+ zAlij (1) molecular pseudoconnectivity indices is linear, the modeling
]

Method

equation is given by the following dot product modulu?:=
|C-y|, whereP is the calculated property of a compound, row
wherel = [(2/N)?0V +1]/6, N = principal quantum number,  vectorC is the vector of they coefficients that are determined

Al = (li — 1j)/r%;, andrj = counts of atoms in the minimum by the least-squares procedure, and column vegtds the
path length separating two atornandj, which is equal to the  vector of the best pseudoconnectivity descriptors selected with
usual graph distancej + 1. From the definition ofAlj it is a total combinatorial search technique and/or with a trial-and-

evident thatS can also assume negative values. Because someerror procedure (for terms only). The multivariate regression
Svalues are negative (in amino acids, inorganic salts, chlorof- can be regarded as a linear combination of pseudoconnectivity
luoroalkanes, and 2-bromo-2-phenethylamines), calculation of indices (LCpClI) where the constant term of the regression can
someye values could give rise to imaginary numbers. To avoid be considered to multiply the unitary indedp = 1, a kind of
this occurrenceS values have been rescaled. Buried carbon bias index. Even thougR is not always a linear function af,
atoms bonded to highly electronegative atoms give rise to it is nevertheless a linear function of thecoefficients. Ify is
negativeSvalues. It is, then, not at all odd to rescale evBry  anm x n matrix (wheren = number of compounds), theétis
value to theSvalue of the carbon atom in GFwhich equals a property column vector of the entire class of compounds. Bars
—5.5, and which is the lowe&value a carbon atom can assume. in the modeling equation stand for absolute value to get rid of
Inevitably, this rescaling invalidates one of the results of the calculated negativé® values with no physical meaning and
electrotopological model, which states that in a molegulg simultaneously enhance the description, provided that the
= Yili. In alkanes, where such a rescaling has not been corresponding experimental property is positive. The statistical
undertaken, as no negati$values are obtained, the values of performance of the different LCpCI, which can be obtained with
the two indicesty, andSye are in fact equal (see the following  a combinatorial procedure, is controlled by a qualdy= r/s,
equations). As already done with precedipgnodeling the factor, wherer = correlation coefficient and = standard
following set of eightls molecular pseudoconnectivity indices  deviation of estimates, by the varianégFischer ratio)F =
will be used to model the given properties and activities of fr%[(1 — r?)v], wheref = number of freedom degrees n —
organic and inorganic compounds: (v + 1), v = number of variables, and = number of data.
The parameteQ, which is an “internal” statistic, is apt to
{0}y =B, % s Ty Swe e e Tve () compare the descriptive power of different descriptors of the
same property, while the parametErtells us, even ifQ
Their definition parallels the original definition gfindices (refs improves, which additional descriptor endangers the statistical
5 and 20 and references therein) quality of the combination. For every index of a LCpCl equation
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the fractional utility,ux = |c/sd, as well as the average fractional
utility = Y ud(v + 1) will be given. This statistical parameter
will allow us to detect the paradoxical situation of a LCpClI
with a good predictive power but with a poor utility at the level
of its coefficients®® It should be noticed tha®, andr, ands

mum anesthetic concentrations of chlorofluoroalkanes, in log
units, are collected in Tables 12 and 14, respectively. The meas-
ure of biological response of 2-bromo-2-phenethylamines in
pEDso units, i.e., the negative logarithm of the estimated dose
for 50% response, is given in Table 17. While the experimental
values as well a&liJandu values, even if some of them may values of Tables 12, 14, and 17 have been taken from ref 26,
seem redundant, in their totality offer, a direct view of the the other experimental values have been taken from the cited
statistical behavior of a modeling and can also be used as apapers of the authol, andS values ofl s andEs matrices and
check for eventual printing errors both of the author and of the vectors of Tables 3, 5, 7, 9, 11, and 15 have been obtained by
journal, as two nearby printing errors is a rather rare event. the aid of the E-calc software provided in a CD of a cited b&ok.
When properties of some members of a class of compoundsThe indicesy, and ye of Tables 4, 6, 8, 10, 12, 13, and 16
assume negative values, the modeling equation should be usethave, instead, been obtained by the aid of a Turbo Basic software
without modulus bars? = C-y. This is the case for the specific  program written by the author. The meaning of coluriasg
rotation (SR) of amino acids. Further, as the specific rotation andPj of Tables 1, 2, 8, and 14 will be explained in the follow-
(SR) of amino acids can assume negative and antithetic valuesng sections. Amino acids, as well as DNA/RNA bases, have
for the L- and p-forms, then the correlation vectors for the been represented by two-rdgandEs matrices, a representation
L- andp-forms are related through the relati@p = —Cp; this already used in a preceding paper where two-gomatrices
means that once a subset is modeled, the modeling of the othehhave also been usk# for amino acids and purine and pyrimi-
subset is straightforward. dine bases. In these matrices heteroatoms are substituted by their
Usually, indices used in linear combinations, LCpCl, are corresponding values, inls matrices, andS values, inEs
interrelated, a fact that has some negative effects as (i) it resultsmatrices. This type of representation is also used for alkanes,
in unstable estimated regression coefficients of veCtd(ii) it which give rise in some cases to three-row matrices, chloroflu-
may render values predicted for compounds not in the original oroalkanes, 2-Br-2-phenethylamines, and inorganic salts, which
training data set not reliable, (iii) it may also render an analysis give rise to one-row matrices or vectors. In cyclic amino acids
of the relative importance of an index in a modeling equation of Table 3 (Pro, Hyp, His, Phe, Tyr, and Trp) the ring closure
a useless task, and, finally, (iv) it may worsen the utilities of point is represented by an underlined value which connects to
the regression coefficients. The construction of dominant the corresponding values denoted by a left broken arrow. Notice
pseudoconnectivity termsy = f(y), with a trial-and-error that in Trp there are two ring closure points. The same “strategy”
procedure offers the possibility to reduce the modeling equation was used in Table 9 for the bases A and G, while in bases U,
to a simple linear formP = |c-Y + coUo|, and to short-circuit, T, and C the ring closure is between the value on top of the
thus, the orthogonality problem. The trial-and-error procedure “—” sign and the value on top of the left broken arrow sign.
to construct molecular connectivity or pseudoconnectivity terms This last strategy has also been used with 2-bromo-2-phenethyl-

runs in this way: (i) optimize the first indey, (i) given 1y
introduce and optimizéy (the second index), (iii) back-optimize
1y, (iv) check that with the newy index, they index continues

amines. In alkanes, and chlorofluoroalkanes (CFC), instead, the
problem of double methyl (M) or double halogen substitution
at the same carbon was solved, underlining the corresponding

to be the best index, and so on. This procedure can bel or Svalue, which means that the value should be reported in
schematized, for the case of four parameters, by the aid of thea virtual third row on the top of the first one. Single ethyl (E)
following symbolism, where | stands for introduce, O for substitution was here solved by adding a third line, while ME
optimization, and C for check operations. Normally, optimiza- or EE substitution at the same carbon atom was solved, in the
tion is optimal at the check point. The ratio can be built at every first case, by placing the corresponding value of M in parenthe-
level, if the introduction of an index does not improve any more ses, and, in the second case, by underlining both étagdS

the description at that level: values. A rapid glance at the$g and Es matrices or vectors
offers some interesting insights into the meaning of the electro-
topological state: (i) while some compounds show similar
matrices, no compound has the sdBsenatrix, (i) single values

in Es matrices seem to reflect electronegativity considerations,
with the most negatively charged atom showing the higBest
value, and (iii) the trend of carbdBvalues in amino acid and
alkaneEs matrices seems to reflect the NMR chemical shift
trend of the corresponding carbon atoths, fact already no-
ticed?6 It would be interesting to notice if differer§ values
Usually, this procedure either converges rapidly or does not for the same type of carbon in different amino acids or alkanes
work at all, and the found terms regularly have the following are also mapped by different chemical shifts and in the same
form: Y = [(y2)™ + a(y2)9[b(y3)° + c()FI, wherea, b, ¢, order.

m, n, o, p, g, andr are optimization parameters that can also be
negative, zero, or one.

0(1)
1(2), O(21), O(32), C(21)
1(3), 0(31,2), 0(23,1), O(12,3), C(31,2)

1(4), O(411,2,3), O(34,1,2), 0(23,4,1), O(12,3,4),
C(411,2,3)

Discussion

Amino Acids. The average interrelation value of tfie}
indices for amino acids ig[]= 0.818, while the strongest and

The experimental values of the physicochemical properties weakest interrelations ar€y,, 1)) = 0.992= r (%, %e) and
of amino acids and alkanes are collected in Tables 1 and 2,r(Sy, Tye) = 0.568, respectively. Before entering the modeling
respectively. The lattice enthalpy values of metal halides are of the different properties of amino acids let us notice that the
collected in the second column of Table 8, and the first and {%pg} index is the best descriptor for the molar massésof
second singlet excitation energies of DNA/RNA bases are col- amino acids withQ = 0.159,F = 459,r = 0.980, ands = 6.2,
lected in Table 10. The rates of hydrogen abstraction and mini- while {%} hadQ = 0.156,F = 441,r = 0.979, ands = 6.3.

Results
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TABLE 1: Experimental Properties of Amino Acids, AAs (M = Molar Mass): Solubility, S (at 25 °C in Units of g/kg of water),
the pH at the Isoelectric Point, pl, Melting Temperature, Ty, (°C), Crystal Density, CD, Side-Chain Molecular Volume,V (A3),
and Specific Rotations in Angular Degrees, SR in Water?

AA (M) S Patc Pi pl Tm CD \Y SR
Gly (75) 251 244 243 5.97 290 1.601 36.3
Ala (89) 167 149 148 6 297 1.401 52.6 2.7 (22)
Cys (121) 5.07 178
Ser (105) 422 412 412 5.68 228 1.537 54.9 -6.83
Val (117) 58 59 59 5.96 293.5 1.230 85.1 6.42
Thr (119) 97 84 83 5.60 253 71.2 28.4 (26)
Met (149) 56 25 23 5.74 283 1.340 —8.11 (25)
Pro (115) 1622 1636 1793 6.30 222 736  —85(23)
Leu (131) 23 35 36 5.98 337 1.165 102 —10.8 (25)
lle (131) 34 35 35 6.02 284 102 11.29
Asn (132) 25 75 78 5.41 236 72.4
Asp (133) 5 82 86 2.77 270 1.660 68.4 4.7 (18)
Lys (146) 6 31 33 9.74 224.5 105.1 14.6
Hyp (132) 361 276 271 5.8 —75.2 (23)
GIn(146) 42 47 48 5.65 185 92.7
Glu (147) 8.6 52 55 3.22 249 1.538 84.7 11.5 (18)
His (155) 43 34 34 7.59 277 91.1 —39.01 (25)
Arg (174) 181 162 161 10.76 238 1.100 109.1 12.5
Phe (165) 29 14 13 5.48 284 113.9 —35.14
Tyr (181) 0.5 5.6 5.9 5.66 344 1.456 116.2
Trp (204) 12 15 17 5.89 282 135.4 —31.5(23)

a|n parentheses are report€d= 20 + 1 °C. In the third and fourth columns are the calculated solubRity. values and calculated jackknifing
solubility Py values.

TABLE 2: Experimental Melting Points, MPs (K), for 17 Alkanes, Motor Octane Numbers, MONSs, Calculated MON Values
(Pcaic), and Calculated Jackknifing MON Values (Py) for 30 Alkanes?®

alkane MP MON Peaic Pj« alkane MP MON Pealc Pix

4 90.1 83.4 83.2

2M3 97.6 99.0 99.1 3M5 74.3 76.7 76.8
2M4 90.3 89.3 89.2 23ME5 158.2 88.1 72.3 717
2M5 735 76.7 76.8 223MMM5 99.9 91.3 90.8
24MM6 135.7 69.9 72.3 72.4 234MMM5 95.9 87.3 86.9
33MM5 138.7 86.6 88.0 88.0 2m7 23.8 36.8 38.3
5 61.9 63.9 63.9 224MMM5 100.0 91.3 90.8
23MM4 144.6 94.4 92.8 92.7 233MMM5 99.4 91.3 90.8
33MM6 147.1 83.4 78.3 79.1 22MM4 173.3 93.4 95.8 96.0
22MM5 149.3 95.6 88.0 87.6 6 26.0 34.6 35.7
22MM6 152.0 77.4 78.3 78.3 25MM6 182.0 55.7 72.3 72.9
4am7 39 36.8 36.6 7 0.0 12.7 225
3Mm7 35 36.8 37.0 23MM7 157.2
3M6 55.0 59.9 60.1 22MM7 160.2
24MM5 153.9 83.5 83.7 83.7 26MM7 170.3
23MM5 154.1 88.5 83.7 83.5 33ME5 182.3
3E5 65.0 59.9 59.7 33EE5 240.0
2M6 46.4 59.9 60.5 22MM3 256.6 80.2 102.4 104.4

a2 = ethane, 3= propane, etc., M= methyl, E= ethyl; e.g., 34ME6= 3-methyl-4-ethylhexane.

This result indicates thap indices should at least be decent achieve the same good statistical score
descriptors oM-dependent properties.

Side-Chain Molecular Voluméet us start modeling the side-  {%,}: Q= 0.123,F = 140,r = 0.947,s= 8.4,

chain molecular volumey, of n = 18 amino gcids, showq in W= 6.2,u= (12, 0.7)
Table 2 (no Met, Cys, and Hyp). The bestindex for this o 1
property-3Lis %V with a remarkable statistical score {"¥, "Ye}.: Q=0.140,F = 106,r = 0.966,s= 6.6,

0 W=3.1,u=(5.4,2.9,1.0)
{"%"}: Q=0.25,F =691,r = 0.989,s= 3.9, . ) ) ]
W= 15,u = (26, 3.3) Further, the utilities are not at all impressive, and especially,

’ T the utility of the unitary indexJo shows that both regressions,
For comparison purposes, the molar massésgdescribe this the single-index and the two-index regressions, are useless. A
property withQ = 0.069 arlld: = 83. The best multi index trial-and-error search for the best molecular pseudoconnectivity
LCClI is given by the following twoy index combinatior$t term, Yy = f(y), for this property discovers the following

interesting term:
vOovV.n_— — — —
{D", x'}: Q=0.40,F = 887,r =0.996,s= 2.5, C)° = 0.8(yg)*
= 12,u= (5.1, 28, 4.0) Y, = (7)

’ (L)
|
where the last value is the utility of the bias indé¥ = 1.
Molecular pseudoconnectivity indices of the set of eq 2 do not This term rate®Q = 0.176,F = 341,r = 0.977,s=5.6,U=
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TABLE 3: Intrinsic State Value Matrices, | s, and the Electrotopological E Matrices of 21 Amino Acids?

AA Is matrices Es matrices
15 1.67 7 ~028 —097 924
Gly (4 6 0] (4,57 7.60 o)
Ala 2 133 167 7 142 ~073 —096 9.57
0 4 6 0 0 484 787 0
Cys 322 15 133 1.67 7 3.65 019 —0.82 -1.00 9.76
0 0 4 6 O 0 0 494 801 0
Ser 6 1.5 133 167 7 800 -050 —1.13 —118 9.65
00 4 6 0 0 0 477 1% 0
Val 2 133 133 167 7 1.78 002 -071 -093 1002
0 2 4 6 0 0 178 516 823 0
Thr 6 133 133 167 7 849 -098 ~-116 -118 986
0 2 4 6 0 0 133 491 807 O
et* 2 183 15 15 193 160 081 055 -068 -091 1007
Met (o 0o o of 0 [ 0 0 519 827 0
Leu 2 133 154 195 036 055 -069 -091 10.11
0o 2 9 0 195 0 522 831 0
e 2 15 133, 192 081 0072 -070 —091 1017
0o 0 2 0 0 183 527 836 0
Asn 4 167 15, 465 -070 -031 -116 -121 990
0o 7 0 0 999 [ 492 810 0
Asp 7 167 154, 977 -120 -053 -129 -129 985
0 6 0 0 799 0 484 804 0
Gin 4 167 15 15, 475 -053 0021 010 -098 -1.11 1003
0 7 0 0 0 1010 0 0 506 822 0
Glu 7 167 15 154 988 -103 -020 -002 -106 -1.17 999
0o 6 0 O 0 810 0 0 500 818 0
Lys 4 15 15 15 15, 520 060 085 080 052 -072 -093 1014
o 0 0 0 0 0 0 0 0 0 522 833 0
Arg 4 167 25 15 LS 15p 510 0.14 266 055 063 041 -080 -0.99 1023
0 4 0 0 ©0 O 0 510 0 0 0 0 524 839 0

Pro 15 15 15 133 167 7
25 0 0 J 6 0

086 100 079 -027 -072 1014
286 0 0 4 835 0

Hyp (15 133 15 133 167 7 040 048 033 -054 -088 10.17
25 6 0 4 6 0 266 882 0 1 836 0
His 25 2 25 167 15, 277 162 282 079 032 —083 —099 1028
20 0 o 0 8 0 0 . 0 527 843 0
Phe 22 2 2 167 15, 186 188 187 186 095 039 —080 —096 1038
2000 4 0 i 0 0 0o . 0 535 82 0
Tyr 2 167 2 2 167 15, 150 016 150 165 080 027 -088 —102 1040
2 6 00 o4 0 l6s 895 0 0 4 0 532 852 0
T _ (2 22 2 167 25 2 161 15
P Is (ﬁ o000 2 0 0 a of
Trp Eo= (195 192 193 195 100 308 181 094 035 —084 -097 1063
s={lea o © ©o 2 0 o J 0 548 872 0

aFor the sake of being brief and for space the lelttestands for “head” of the amino acid, and it corresponds to the last three columns (from
the left) in the amino acid Ala. For a general explanation of these matrices see the Results section.

16, andu = (19, 13). Not only the good score of the sin§j& any statistical level. Both terms are “dead-end” terms; i.e., it is
continues to be unsurpassed, but if the score of the bestnot possible to improve the description with any linear combina-
molecular connectivity term of eq 8 is consider€d= 0.438, tion of terms or of terms and indices. In this respect, from now
on, it will be assumed that every term is a dead-end term, unless
X = (D)3 + (O;g)z'1 ) it is used in an improved linear combination with other
v D' —0.7D descriptors. If a mixed set composed of eight molecular

connectivity indices{D, DY, %, %", L, %", xu x}, and of
F = 2109,r = 0.996,s = 2.3, andu = (46, 17), then thery eight molecular pseudoconnectivity indices (see eq 2) is
term has no chance to compete wjtfderived descriptors at  considered, then a very interesting modeling is achieved, quite
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TABLE 4: |s Molecular Pseudoconnectivity Indices for 21 Amino Acidd
AA Sy Oy Ly Ty, Sye Oye Ly Tye
Gly 20.17 2.87653 1.64846 0.04876 55.59 1.79888 0.61430 0.00533
Ala 22.00 3.63425 2.32607 0.03661 55.01 2.14940 0.78058 0.00179
Cys 24.72 4.30090 2.87594 0.02356 63.23 2.52101 0.94227 0.00065
Ser 27.50 4.15189 2.75426 0.01726 66.02 2.52046 0.96944 0.00061
Val 25.33 5.20847 3.69109 0.02244 69.35 2.92156 1.10863 0.00026
Thr 29.33 4.90961 3.43195 0.01296 73.34 2.91805 1.16460 0.00024
Met 26.83 6.00647 4.23467 0.01804 76.37 3.29648 1.22896 0.00001
Pro 23.00 5.50909 4.38551 0.03564 76.01 2.94957 1.21321 0.00029
Leu 26.83 6.02497 4.35520 0.01833 76.36 3.30240 1.25155 0.00010
lle 26.83 6.02497 4.36330 0.01833 73.33 3.41587 1.26010 0.00013
Asn 34.17 5.39543 3.73214 0.00618 83.68 3.26195 1.30864 0.00008
Asp 36.17 5.30368 3.66114 0.00505 85.68 3.27170 1.33558 0.00008
Lys 30.00 6.69313 4.82917 0.01150 85.01 3.66577 1.38908 0.000035
Hyp 28.83 5.96795 4.82216 0.01545 78.34 3.32198 1.42521 0.00010
Gln 35.67 6.21193 4.39881 0.00505 90.66 3.64139 1.44242 0.00003
Glu 37.67 6.12018 4.32781 0.00412 92.67 3.64889 1.46916 0.00003
His 32.17 7.19659 5.43098 0.00654 92.66 4.01363 1.63775 0.000012
Arg 36.67 7.78291 5.53389 0.00345 102.66 4.36498 1.67151 0.000004
Phe 33.17 8.05300 6.14710 0.00578 99.17 4.40001 1.78495 0.000005
Tyr 38.84 8.52796 6.55737 0.00258 110.32 4.76156 1.97446 0.000002
Trp 39.01 10.2331 8.32851 0.00219 121.50 5.51765 2.35735 0.0000002

a1 values have been obtained after a rescaling procedure (see the Method section).

similar to the modeling of the combination made up of tywo
indices alone seen at the beginning of this paragraph

(%", "we}: Q=0.373,F = 764,r = 0.995,s= 2.7,
W= 9.1,u= (17, 4.5, 5.9)
We will now try to check if a point in the data set is inflating

or deteriorating the modeling by leaving it out of the modeling
and detecting the ne® value for the giverXy andYy terms

= 270,r = 0.966,s = 0.5, = 22, andu = (16, 28). This 1

+ An/ny descriptor is also the best descriptor in the
description. The following linear combination of two pseudoterms
(LCpCI) improves the modeling only in a minor way:

{%,, 5} : Q=2.16,F = 139,r = 0.969,s = 0.4
W= 12.5,u = (1.3, 9.4, 27)

Even the following convoluted higher-levil pseudoconnec-

to check which of these terms is too much influenced by a tivity term, with its score ofQ = 2.20,F = 288,r = 0.969,s

specific point of the data set. This procedure will be applied
for each data point, and the averd@¥Xx)Jand [Q(Y)Ovalues
as well as theQuax and Quin values for an excluded point
will be given. This kind of leave-one-out method will be called
the “Q-1-out” method. For V we haveéQ(Xy)d= 0.442,
Q(Xv)min = 0.593 (Glu-out) Q(Xv)min = 0.423 (Trp-out), and
@Q(Yv)O= 0.176, Q(Yv)min = 0.201 (His-out),Q(Yv)min =
0.170 (many AA-out). No point is deteriorating or inflating, in
a consistent way, the modeling.

Isoelectric Point As this property is highly dependent on the

= 0.4, WO= 15, andu = (17, 30), does not improve the
modeling:

_ Ve = Tp)Cre — 0.8%)
(01/4 - T¢|)

pl (10)

A conclusive word about pl simulation is given by a linear
combination of the twoxy, index (LCCT), and by a higher-
level molecular connectivitX term. The twoX LCCT shows

type of functional groups an amino acid has, its modeling affords " unreliabley; value, a fact which endangers the utility of this

the construction of speciady, as already done with normal

indices? In fact the best single pseudoindex rates quite poorly,

{%} with Q = 0.153,F = 1.4,r = 0.3, ands = 1.70, and no

linear combination of pseudoindices consistently improves the

modeling. The statistica@Q)/F score of the molar masses is,
instead, much worse wit = 0.002 and= = 0.14. The family

of eight terms that can be derived from the following general
type of term can achieve an improved description:

Y =l(1+@)

pl SIPE n_l_

Here An = na — ng, ha = number of acidic groups (2 for Asp
and Glu, 1 for all othersys = number of basic groups (2 for
Lys and His, 3 for Arg, and 1 for all others), ang = 3 (total
number of functional groups), and i = 2, thenAn = 0.
Clearly, there are eight such terms following the typeyahdex

9)

LCCT

{PX’,°X"}: Q = 2.14,F = 136,r = 0.966,5= 0.5,
W= 12,u= (1.2, 5.6, 28)

The following higher-level molecular connectivitf, term,
instead, shows an improved modeling power, Witb= 3.41,

F =693,r = 0.987,s= 0.3, W= 58, andu = (26, 90). This
term is in every insight better than the corresponding higher-
level Is molecular pseudoconnectivity teri,.

(0.04%: —~ ﬁ—i‘)

No interesting mixed y, v} descriptions can be obtained for
pl

V0.5 \%
o [ax)°° + 1804]

pl D (11)

.The Q-1-out method for this property hd®(Xy)0= 3.43,

in expression 9. The nomenclature for such terms can be definedQ(Xp)max = 4.16 (Cys-out) Q(Xs)min = 3.31 (Asp-out), and

in the following way: fory = Sype — Yy = SYg, and so on.
The best single descriptor for pl is the trivid¥g, term, which
is just equal to - An/nr. This descriptor score® = 2.12,F

@Q(Yp) = 2.23,Q(Yp)max = 3.43 (Lys-out) Q(Yp)min = 2.10
(Arg-out). The amino acid Cys is deteriorating the descriptive
power ofXp,, as without Cys the correlation coefficient enhances
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TABLE 5: Intrinsic State Value Matrices, | s, and the Electrotopological E Matrices of 35 Alkanes
Alk | Is matrices Es matrices Alk Is matrices Es matrices
4 Q15152 (2.181321322.18) 23 | 2133 2 217 083 217
| 0 2 0 0 217 0
24 | 2133152 222 0.88 131 22 2233 | 2125 2 219 05 2.19
; 02 00 0 222 0 0 ! 0 2 0 0 219 0
22:4 212515 2 224 051 127 221 5 (21515152) (2211.341.391.342.21)
! 02 00 0 224 0 0 ;

234 | 2133133 2 224 085 085 2.24 25 1 (213315152 225 090 1.38 1.33 222
i 0 2 2 0 0 224224 0 P02 0 00 0 225 0 ©
[ (151515152) (2.231.361.41 1.41 1.362.23) 3.5 . 21513315 2 223 1.33 094 133 223

o0 2 00 0 0 228 0 0

26 | 2133151515 2 227 090 140 140 135 224)| 22:5 | (2 125 L5 L5 2 227 055 134 131 2.23
02 0 0 00 0 227 0 0 0 0 o2 0 0o 0 227 0 o o

36 2 1513315152 225 134 005 140 134 224) | 235 | (2 133 133 15 2 227 0.86 090 132 2.24
00 2 0 00 6 0 231 0 0 0 62 2 0o 0 227230 0 0

25:6 2133 15 15 133 2) (228 089 1.39 139 089 228)| 245 | (2 13315133 2 2.26 0.88 1.36 0.88 2.26
i 02 00 20 0 228 0 0 228 0 6 2 0 2 ¢ 0 226 0 226 0
24:6 ¢ (2 133 15133 15 2) 2280881.39093133226) | 335 | (215125152 2.241.30 0.58 1.30 2.24
02 0 2 00 0 228 0 232 0 0 c oo 2 00 0 023 0 0

22:6 2 125 1.5 1.5 1.5 2) (229 055136 1.37 1.33 2.24)[ 22351 (2 125 133 1.5 2 229 051 085 129 2.25
0 02 0 0 0 0 02200 0 0 0 o2 2 oo 0 22923 0 0

33:6 2 15125 15 1.5 2) (226 131 059 136 132 225 [ 2245 | (2 125 15 133 2 228 052 133 084 227
00 2 0 00 0 0 23 0 0 0 oz 0 20 0 228 0 227 0

7 (215151515152) (2251.361421441421362.25) | 233..5 213312515 2 228 081 054 1.28 225
§(02goo) (02.28;3‘10 o]
27§ (213151515152) (228090 141142142 135225\ 2345 (2 1,33 133 133 2) (228 084 087 084 228
02 00000 0 2286 0 0 0 O O o 2 2 2 0 0 228 231 228 0

3.7

237

2617

02 2 00 00

2151331515152 2.26 1.35 0.95 1.42 1.41 1.35 2.25
006 2 00 00 0 06233 0 0 0 0O

2151513315152 2.26 1.351.41 0.96 1.41 1.35 2.26
00 0 2 0 00 0 0 0234 0 0 O

0 231235 0 0 0O

(2 133133151515 2) (2,31 0.87 0.92 1.41 1.40 134 2.26)
0

21331515151332 229 0.89 1.40 1.41 1.40 0.89 2.29
02 000 20

2125151515152) (231
02 00000

229 0 0 O 229 0)

0.551.381

.40 1.40 1.34 2.25
0 231 6 0 0 0 o

5215133152
35 010 0
00

3313315 2

2 15 00

0 2 00

33#5% 1 (215125(2) 152
1 00 15 00
‘loo 2 o0

9 135

226135 0.99 185 226}

0 226 0 0

[2,30 0.88 095 1.34 2.

27
0 230 134 0 0

0 0 227 O

0 0 132 0

227132 0.63(2.35) 1.32 2
0 0 227 0

230 1.34 067 1.34 2.2
0 0134 0 ©
0 023 0 ©

0

27
0
0

a A number underlined in the second row has a symmetric companion on the top of the first row;

wn

means methyl;

I o

means diméthyl; “

means trimethyl; “” means E, %” means ME, and " means EE. For example: 225 means 2,2,3-tnmethylpentane, and=$3means 33-
diethylpentane. An asterisk indicates that the value in parentheses in 33ME5 should be placed on top of the value at its left.

up tor(Xy) = 0.991, and the amino acid Lys is deteriorating = 0.003 and~ = 0.15. Normally the modeling of this property
is rather problematic, but it can be interesting to detect how

the corresponding modeling powerj, as with Lys-out(Yp)

= 0.983.

for the melting pointsTy, of 20 amino acids (no Hyp) witk)

pseudoindices rate relative to connectivity indices. jimeodel-

Melting TemperatureMolar masses are very bad descriptors ing affords a molecular connectivity teri¥r,, quite similar to
the X, term (see eq 9, whefg' replaces’ye), used to model
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TABLE 6: Is— Indices and the CorrespondingM Values for 35 Alkanes

alkane M Sy, Oy Ly Ty % e e
4 58 7 3.04721 1.82137 0.33333 3.09535 1.93658 0.34752
2M3 58 7.33 2.98843 1.83942 0.30657 3.13418 2.23538 0.34338
2M4 72 8.83 3.80493 2.51162 0.25031 3.95622 2.95133 0.28285
2M5 86 10.33 4.62142 3.17829 0.20438 4.77695 3.62286 0.23209
24MM6 114 13.66 6.19564 4.54075 0.12531 6.46451 5.35240 0.15572
33MM5 100 12.25 5.35585 3.88021 0.14907 5.72225 5.20690 0.19605
5 72 8.5 3.86370 2.48803 0.27217 3.92127 2.62765 0.28641
23MM4 86 10.66 4.56265 3.20444 0.18797 4.84192 4.07533 0.23447
33MM6 114 13.75 6.17234 4.54687 0.12172 6.54557 5.86741 0.16158
22MM5 100 12.25 5.35585 3.87168 0.14907 5.74679 5.18957 0.19927
22MM6 114 13.75 6.17234 4.53835 0.12172 6.57797 5.88218 0.16515
4M7 114 13.33 6.25442 451716 0.13625 6.41035 4.98086 0.15509
3M7 114 13.33 6.25442 451716 0.13625 6.41562 4.99395 0.15604
3M6 100 11.83 5.43792 3.85049 0.16688 5.59164 4.31168 0.18965
24MM5 100 12.16 5.37914 3.86854 0.15348 5.65026 4.66456 0.19078
23MM5 114 12.16 5.37914 3.87664 0.15348 5.65779 4.76215 0.19201
3E5 100 11.83 5.43792 3.85603 0.16688 5.58260 4.31251 0.18859
2M6 100 11.83 5.43792 3.84495 0.16688 5.60066 4.30686 0.19074
3M5 86 10.33 4.62142 3.18382 0.20438 4.76721 3.63311 0.23031
23ME5 114 13.66 6.19564 4.54884 0.12531 6.46593 5.41886 0.15633
223MMM5 114 14.08 6.11357 457141 0.11194 6.67389 6.55196 0.16963
234MMM5 114 13.95 6.13686 4.56946 0.11525 6.58029 5.98920 0.16440
2M7 114 13.33 6.25442 451162 0.13625 6.42647 4.99086 0.15732
224MMM5 114 14.08 6.11357 4.56193 0.11194 6.65920 6.35212 0.16788
233MMM5 114 14.08 6.11357 4.57440 0.11194 6.66292 6.56652 0.16917
22MM4 86 10.75 4.53935 3.20501 0.18257 4.96477 4.64625 0.24931
6 86 10 4.68020 3.15470 0.22222 4.73859 3.30194 0.23385
25MM6 114 13.66 6.19564 453521 0.12531 6.46544 5.32558 0.15550
7 100 11.50 5.49670 3.84373 0.18144 5.56001 3.98114 0.19178
23MM7 128 15.16 7.01214 5.20997 0.10232 7.29928 6.10314 0.12910
22MM7 128 15.25 6.98884 5.20501 0.09938 7.39435 6.54912 0.13449
26MM7 128 15.16 7.01214 5.20188 0.10232 7.29573 6.01709 0.12885
33ME5 114 13.75 6.17234 4.55540 0.12172 6.51454 5.84471 0.15845
33EE5 128 15.25 6.98884 5.23059 0.09938 7.31469 6.50000 0.12862
22MM3 72 9.25 3.72285 2.52982 0.22361 4.11716 3.82255 0.29487

pl. The main difference between the two properties resides in outliers as Arg, Ser, Hyp, and Pro, that obliged introduction of
the definition ofAn. Here, amino acids Leu and Tyr ha¥a the following set of reciprocal connectivity indiceR € 1/y)
=1, amino acids Pro, Ser, Thr, Cys, Asn, Asp, GIn, Glu, Lys, weighted by an association parameter,

His, and Arg instead havAn = —1, and the rest havAn =

023 Practically the best molecular connectivity description is {aR} = {a°R a°R’, a’R, a&°R’, a'R, a'R’, R/a, Rv/a} (13)
given by the following term:

o where,a(Pro) = 8, a(Ser, Hyp, Arg)= 2, anda(others)= 1.
{"X’}:Q=0.037,F =48,r =0.854,s= 23, This parametera, which can be seen as a statistical weighting
[W=6,u=(6.9,6.1) factor, can, in some cases, assume the physical meaning of an
) o ) association parameter, due to association or self-association
Practically, because tH term shows a very similar modeling  phenomena in solutiohThe fact that total connectivity indices
power, with a somewhat better= 50, andr = 0.857, we prefer  paye 1o be divided, instead of multiplied by the association
to stress the importance of the trivial indextlAn/nr = °X. parametera, resides in their definition: their values decrease
The best molecular pseudoconnectivity description, instead, is,ith increasing complexity of the chemical graph.

given by a formally similarls pseudotermYry, where % While the modeling of the molar masses is quite insufficient
replacesye in eq 9 and wherdn fits the new definition used with Q = 0.0009, andF = 2.1, a single suprareciprocal

for X, molecular connectivity index achieves a more than optimal
modeling
Y, =L (1 v @) (12)
Y r {a°R}: Q=0.029,F = 2052,r = 0.996,5= 35,

The term{ 1Yg}, wherelye replacesy in the numerator, achieves [WO=29,u = (45, 13)
here the best description witQ = 0.039,F = 54,r = 0.867,
s=22,ll= 6.4, andu = (7.4, 5.4). Like the isoelectric point,
no positive modeling foil,,, can be achieved with a mixed set
of {x, ¥} indices. Because the modeling of this property is far
from being optimal and the approximations done are too drastic
the Q-1-out method will not be considered here.

Solubility. The modeling of the solubilityS, of 20 amino
acids (no Cys), whose experimental values are in Table 2, was{ a(llyp)} =
performed with LCCI and with molecular connectivity terAs. S Oom e T S 0 T
It was the modeling of this property, which includes such strong {aR,aR,aR, R/a aRe aRe aRg, Re/a} (14)

This modeling shows next to the exceptionally go@uhd utility
values a rather unsatisfactosyalue. The correlatio® vector
for this description isC = (1010.8,—139.39).
A quite similar set of reciprocal pseudoconnectivity indices
" has to be introduced to model the same property, with the same
values fora (R = 1/y, i.e.,'Re = 1/ *yg)
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The best description is given by the following pseudo-
suprareciprocal index:

{a°R}: Q =0.013,F = 418,r = 0.979,5s= 77,
W= 15,u = (23, 6.2)

This last description is a much worse description than the
corresponding ¥/ description.

Now if the modeling is done by the aid of the combined set
of eqs 13 and 14, then it is possible to find the following
interesting combination

{a°R’, "R/a}: Q = 0.028,F = 1009,r = 0.996,s = 35,
W= 17,u = (41, 0.83, 8.1)

whose negative point is the lows utility value of the second
index and also a poas value. Also the combinatiofa®R,
TRe/a} shows a similar descriptive power wigh= 0.028,F =
1005, and similar poow, ands values.

The Q-1-out method for the solubility of amino acids has
[@Q(a°RY) = 0.029,Q(a°R")max = 0.035 (Hyp-out) Q(@°R")min
= 0.028 (many AA-out), andQ(a’R)0= 0.014,Q(a°R)max
= 0.025 (Ser-out)Q(a’°R)win = 0.011 (Pro-out). While the
amino acid Hyp has a minor influence onwhich, with Hyp-
out, equalg (a®RY) = 0.997, the amino acid Ser has a greater
influence onr of {a°R}, which, with Ser-out, equaiga’R)) =
0.994. To further determine the individual influence of a given
experimental point on the modeling characteristic§ @R'},

we remove sequentially each solubility value from the data set

and determine again th@ vector of the model, and the new
model is used to predict the observation left out. In the third
column of Table 1 are reported the calculatg;. solubility
values with the normaC = (1010.8,—139.39) vector, and in
the fourth column of the same table are reported e
calculated solubility values calculated with this method, where
the subscript jk stands fgackknifing the vulgar name for this
sort of external validation method, which has in 1Qel-out
method another example. It should be noticed that calcufated

values, to avoid negative values (here Trp), have been obtaine

with the modulus equatio8 = |c;(a°RY) + c,Ug|. The figures
in columnsPcyc and Py are of interest. In spite of some minor

variations there is hardly any doubt that there is a similar trend

all along the two sets of values; further, the coefficients of the
correlation vector all along the jackknifing procedure show only
minor variations £2%). Closer analysis of botRcac and Py
shows that, while prediction of the solubility of some amino
acids is insufficient, prediction &(Asp) fails totally. TheQ-1-
out method for Asp-out ha® = 0.033, quite close tQuax,

and this shows that the two methods even if complementary do

J. Phys. Chem. A, Vol. 104, No. 39, 2008037

{°R °R}: Q=0.089,F = 62,r = 0.952,5= 11,
W= 9.2,u = (11, 11, 5.8)

while the overall best single index description is quite poor and
is achieved by{y} with Q = 0.014 andF = 3.2. The trial-
and-error procedure discovers the following optimal term for
SR

% = )"

=—= "t 15
DO.8+ 0.20&)0.02 ( )

SR

with the following statisticsQ = 0.084,F = 112,r = 0.943,
s= 11, 0= 11,u = (11, 11).

Molecular pseudoconnectivity indices do not achieve the same
kind of description; further there are no reciprocal pseudoindices
with improved modeling power. While the best single pseudo-
index description is given b{ly,} with Q = 0.011 andF =
1.9, the best two pseudoindex descriptions do not achieve the
same optimal description of the reciproca} Tombination

{*y,,%,}: Q=0.044F = 15,r = 0.838,5= 19,
W= 4.5,u= (5.1, 5.3, 3.2)

Thels molecular pseudoconnectivity tervag of eq 16 withQ
= 0.059,F = 56,r = 0.894,s = 15, lu0= 10, andu = (7.5,
12) cannot be compared witksr

_ Y, + 15y,

= 16
(01/4 - 11/4)1'5 (4o

SR

This last term shows a rather homogeneous structure as it is
made up ofy,-type indices only. Here, use of the mixed set
{x, ¥} of eight molecular connectivity indices and eigdlat
molecular pseudoconnectivity indices allows the following
combination that achieves a better modeling than the set of two
Is molecular pseudoconnectivity indices to be found:

d{%, %} Q=0.056,F = 25,r = 0.892,5= 16,

W= 6.4,u= (7.0, 7.1, 5.1)

The Q-1-out method for this property ha®(Xsg)[= 0.084,
Q(XsrImax = 0.092 (Leu- and Arg-out)Q(Xsr)min = 0.079
(Pro-out), andQ(Ysgr) (= 0.060,Q(Ysr)max = 0.069 (Thr-out),
Q(Yspmin = 0.054 (Pro-out). Practically, no amino acid is
deteriorating or inflating the modeling power of botgr and
Ysgr terms.

Crystal Density Let us start noticing that the descriptive

not superpose. The negative results are to be ascribed to th?OWer of the molar mass for this property, for= 10 amino

poor s value. The physical meaning of this failure might be

acids, isQ = 1.9 andF = 1.1. The best moleculats

due to the neglect of other association phenomena in solution.PS€udoconnectivity index and the best two-index LCpCl for the

Specific RotationThe specific rotation of 16-amino acids,
SR_ (in angular degrees, normally given ag]{%) is an

10 points of this property are

interesting property, as not only some of its values are negative,{ "¥;}: Q = 2.38,F =1.9,r = 0.43,s= 0.2,

but also because the modeling of SRads directly to the
corresponding modeling of $or the b-amino acids. In fact,
the SR modeling can be achieved with just a change in sign
of the correlation vector, i.eC. = — Cp.*53! Practically, a
modeling done om amino acids is in this way automatically
extended to @ amino acids. Molar mass once again is a quite
deceiving descriptor, witkp = 0.0003 and~ = 0.34. The overall
best molecular connectivity description is given by the following
combination of two reciprocal connectivity indiceR € 1/y)

W= 4.8,u = (1.4, 8.3)

(%, % Q=6.81F=76,r=08275s=0.1,
W= 4.9,u = (3.5,3.3, 7.7)

These last values should be compared with the modeling power
of the corresponding molecular connectivity indices, which show
only a small but evident improvement relative to the aforemen-
tioned indice$3!
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{®%"1:Q=3.44F=3.9,r=0.570,5=0.2, {D, %, Y%}: Q=0.092,F =57,r =0.932,s= 10,
W= 5.4,u = (2.0, 8.9) u=(6.1,7.1,4.3,53)U=57
{D",%}: Q=9.05,F = 13,r = 0.890,s = 0.10, The trial-and-error search finds a very effectidgon term,

= 11.5u=(4.7,5.2,13) whose ratings are

But a more accurate descriptor for this property is surely the Q= 0.085,F = 146,r =0.916,s=11,

following Is molecular pseudoconnectivity term, which shows = 19.5,u = (12, 27)
a nice improvement in every statistics, with= 9.92,F = 32, 0., 101 (D)L3
r = 0.895,s = 0.1, M= 4.1, andu = (5.7, 2.6) Xy = LK OV (19)

(OX _ 1'51X)l.2
Cop)*"+ 2.10p)" N .
Yoo =35 R — 7 a7) This c_iomln_ant term offer_s the p_053|b_|l|ty, throug_h a forward
Y, — 0.8(ye) " — 0.8(y)) combinatorial search, to find a mixed linear combination made
up of a molecular connectivity term and three molecular
This pseudoterm even overrates the corresponding molecularconnectivity indices, with enhanceg, r, ands values
connectivity term, whose statistical scor€js= 7.91,F = 20.4,
r = 0.848,s = 0.1, M= 5.4, andu = (4.5, 6.4). {Xuon: D, % "7}: Q=0.129,F = 85,r = 0.965,s= 7.9,

W= 7.5,u = (4.8, 5.6, 5.4, 5.4, 4.1)

P+ 1Ey

Xep = 1,08 o1 (18) Molecular pseudoconnectivity indices, which have a mean
)™ = 1.3 interrelation of MW= 0.964, rmax(Sy1, %e) = 0.998, and
rmin(*vE, TyE) = 0.86, show a satisfactory modeling only with
The only negative point o¥cp is the low utility value forUy. a LCpCl of four indices

But the last word about the modeling of the crystal density is

left to a combination of a molecular connectivity index and a {Sy, % Ty, Tye}: Q=0.107,F =59,r = 0.951,
molecular pseudoconnectivity index, which by far overrates even _ _

the found trial-and-error terms $=8.9,u=(89,83,55,4.7 0.5~ 5.6

Combinations with more indices do not improve any further
{% %y} Q=12.2,F =24,r=0.9355=0.1, the descriptive power of the modeling. The following molecular
W= 10,u = (6.7, 6.4, 17) pseudoconnectivity termyYmwon, found by a trial-and-error
procedure, instead, shows a more than impressive modeling

It is interesting to notice that these two indices, a normal and a Power, which overrates even the descriptive poweK@bn
Iriomoleculir pseudoconnectivity index, are quite correlated with Q=0.108F = 237.r = 0.946.5= 8.7,

v, Sye) = 0.987.

TheQ-1-out method for CD ha)(Xcp) (= 8.09,Q(Xcp)vax u = (15, 32),u= 24
= 12.0 (Arg-out),Q(Xcp)min = 7.07 (Leu-out), andQ(Ycp) sw + Tw
=10.5,Q(Ycp)uax = 18.7 (Met-out) Q(Y co)n = 8.98 (Asp- Yyon = 5———
out). While the amino acid Arg is deteriorating the descriptive Cy, — 2y~
power ofXcp, as with Arg-outr(Xcp) is enhanced to 0.907, the
amino acid Met is deteriorating in a consistent way the Thisterm in a linear combination with the/e descriptor shows
descriptive power ofcp, as with Met-outr(Yy) is enhanced to a small improvement i) = 0.110, due to an improved =
0.970. 0.950, but= worsens td= = 124. The correlation vector of this

Alkanes. Alkanes do not have multiple bonds and lone-pair pseudoterm i€ = (—5.29525, 127.268). No mixed sgt, v}
electrons; for this reason the subggt} of valence molecular LCCI shows an improved modeling.
connectivity indices coincides with the subset of nonvalence The Q-1-out method for this property of alkanes has
{x} indices. For pseudoconnectivity indices, instead, the only [@Q(Xuon)d = 0.085, Q(Xmon)vax = 0.095 (22MM3-out),
reduction in number ofs pseudoindices is due to the E-state Q(Xwon)minkm = 0.081 (7-out), and[@Q(Ymon)O = 0.108,
relation, Sy, = Syg, which reduces the number of chosen Q(Ywon)wax = 0.124 (22MM3-out), Q(Ymon)min = 0.105

(20)

pseudoindices from eight to seven only, i{&y, %y, 7y, Ty (4M7-out). Alkane 22MM3 is not consistently deteriorating the
, Yy, g, Tye}. That for alkanes the relatioy; = Sye holds descriptive power of botyon andYwon, and also, no alkane
is due to the fact thape values need not be rescaled, as every is excessively inflating the modeling of MON in bo¥handY
Svalue is here positive. representations. In Table 2, the fourth, fifth, ninth, and last

Motor Octane NumbeMhile the description of this property  columns report the calculated MON values and the calculated
for 30 alkanes (see Table 2) by the aid of the molar masses isSMON jackknifing values Pcac and Py, respectively. The two
very bad withQ = 0.006,F = 0.79, andr = 0.17, an optimal sets of valuesPcac andPy, are quite similar, more similar than
description oMM is, instead, achieved by théy,} pseudoindex the corresponding values for the solubility of the amino acids.
with Q = 2.60,F = 61496,r = 0.9998, ands = 0.4. The best =~ The only consistent deviation betwe&h.c and Py can be

connectivity index foiM, {D}, achieves onlyQ = 0.262,F = detected in compound 22MM3. Even here calculated MON
625,r = 0.978, ands = 3.7. The modeling of the motor octane values have been obtained with the modulus equation MON
number with indices of the s€tD, %, 1, y}2*° shows an Ic1Ymon + C2Uo|, as alkane 7 haBgarc < 0.

unsatisfactory description at the level of the best single-index Melting TemperatureThe modeling of the subclass of 17
{x which fares onlyQ = 0.015 andF = 4.7, while the best melting points of Table 2, which is made up of similar alkanes,
three-index LCCI shows an adequate modeling with [MMi + MEi + EEI], where i is the main chain, and M and E



Modeling with Pseudoconnectivity Descriptors

J. Phys. Chem. A, Vol. 104, No. 39, 2008039

TABLE 7: Intrinsic State Value Vectors, | s, and the Electrotopological & Vectors of 20 Metal Halids, MeXx2

MeX (M) I'svector Es vector MeX M) I'svector Es vector

LiF (25.9) (28) (0.59.5) LiCl (42.4) (24.11) (1.47 4.64)
NaF (42) (1.44 8) €0.19 9.64) NaCl (58.4) (1.44 4.11) (0.78 4.78)
KF (50.1) (1.258) £0.44 9.69) KCI (74.6) (1.254.11) (0.534.83)
RbF (10.5) (1.16 8) +£0.559.71) RbCI (120.9) (1.16 4.11) (0.42 4.85)
CsF (151.9) (1.11 8) <0.619.72) CsCl (168.4) (1.114.11) (0.36 4.86)
LiBr (86.8) (22.75) (1.812.94) Lil (133.8) (22.12) (1.97 2.15)
NaBr (102.9) (1.442.75) (1.12 3.08) Nal (149.9) (1.442.12) (1.28 2.29)
KBr (119) (1.25 2.75) (0.883.13) Kl (166) (1.252.12) (1.032.34)
RbBr (165.4) (1.16 2.75) (0.76 3.15) Rbl (212.4) (1.16 2.12) (0.92 2.36)
CsBr (212.8) (1.11 2.75) (0.70 3.16) Csl (259.8) (1.112.12) (0.86 2.37)

aM = molar mass.

stand for methyl and ethyl substitutents along the main chain,
has never been satisfactdrfhe best single descriptor for this
set of compounds is the followingve term, whose statistical
ratings are

Q=0.033,F = 19,r = 0.749,5 = 23,
W= 5.7,u = (4.4, 7.0)

(D —%)?
Yoo =5, 3.;&)‘)-6 =

The subscript MP stands for melting points to differentiate it
from the subscripfl, used for amino acids. This term is far
from being an optimal descriptor, and a better but not optimal
description for this property can be achieved by a normal LCCI
composed by the following two indices:

{*. x}: Q=0.043F = 16,r = 0.834,5= 20,
W= 5.0,u = (5.2, 5.6, 4.3)

The given description is nevertheless much better than the

description achieved by molar masses, which shows the fol-
lowing statistical valuesQ = 0.005,F = 0.38, andr = 0.16.

The bestis molecular pseudoconnectivity descriptor for this
property is the followingYype term, highly influenced by the
total type of pseudoindicedjy. This Is—y term rates

Q=0.066,F = 77,r = 0.914,s= 14,
W= 26,u = (8.8, 43)

Ty + Ty |°
Y, — 0.8y

This term overrates the descriptive powe@is. It is, further,
important to notice that singlg- or LCpCI fares better than
singley or LCCI descriptions. In fact, for what concerns the
single descriptors we have in both graphandls—y repre-
sentations{y}, Q = 0.011,F = 2, r = 0.339,s = 32, and
{Ty}, Q = 0.023,F = 9, r = 0.617,s = 27. Noteworthy is
also the descriptions achieved by a mixed combination of
molecular connectivity and pseudoconnectivity indices, whose
modeling power is not unimportarty:, Tye}, Q = 0.040,F =
14,r = 0.817,s = 21,u = (5.0, 4.8, 6.6)[U= 5.5.

The Q-1-out method for MP hasi®Q(Xup)d = 0.033,
Q(XMP)MAX =0.056 (33EE5-OUtp(XMp)M|N =0.017 (22MM3-
out) and@Q(Ymp) = 0.066,Q(Ymp)max = 0.075 (33MES5- and
22MM5-out), Q(Ymp)mink = 0.058 (22MM3-out). For what
concerns the descriptive power Xfip, while alkane 33EES is
deteriorating the description, in fact, with 33EE5-out we have
r(Xwp) = 0.856, alkane 22MM3 is, instead, inflating dramati-
cally the description, in fact, with 22MM3-ou{Xyp) worsens

Yyp = (22)

to 0.405. The descriptive power %fip instead is not deteriorated
by 33ME5 and 22MM5, as with 33ME5-out and 22MM5-out
we haver(Yup) = 0.935.

Lattice Enthalpy of Inorganic Salts. The lattice enthalpies
of n = 20 metal halides, MeX, of Table 7 can be modeled in
an adequate way by the molar magswith Q = 0.015,F =
45, andr = 0.846. The best descriptor forM is {%} with
Q = 0.028,F = 62,r = 0.880, ands = 31, while the besy
index forM is {1»"} with Q = 0.030,F = 70,r = 0.895, and
s=29. For these metal halides, whose graph may approximately
be represented as two connected poi@ts®, we havely, =
Ty, and e = Ty, while Sy, and Sye are nearly coincident
with r = 0.99998. The overall mednequals 0.941, and the
weakest interrelation is(%y;, Syeg) = 0.863. The best single-,
two-, and three-index LCpCI descriptions are

{%,}: Q=0.027,F = 157,r = 0.947,s= 35,
u = (12, 23),[C= 18

{%,, ", }: Q=0.040,F = 167,r = 0.975,s= 24,
u=(8.1, 4.4, 16)[u= 9.6

{%,, "y, *ype}: Q=0.060,F = 250,r = 0.989,5= 17,
u=(13, 7.6, 4.6, 16)u= 10

From these ratings we notice the overall good quality of the
three-index LCpCI. Only the average utility decreases along
this series but not in a way to endanger the utility of the LCpCI.
Now, three indices to model twenty properties could be judged
a rather risky choice. A trial-and-error procedure discovers, in
fact, the following very goods pseudo-term

(LB + 'y’
Cyn)®

whose statistical values af@= 0.053,F = 584,r = 0.985,s

= 19,u = (24, 28), andu= 26. The correlation vector i€

= (373.966, 406.508), and no mixed $et ¥} combination
offers a LCpCl with better modeling. The connectivity descrip-
tors show, instead, the following modeling power:

(23)

AH

{%"}: Q=0.015,F = 45,r = 0.846,5= 57, [l= 17
{D",%"}: Q=0.033,F = 115,r = 0.965,5= 29, W= 19
{%". %", D*}: Q=0.043,F = 131,r = 0.980,s = 22,

W= 6.3
_(OY**+0.2

DYt 4Py e4)

AH
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TABLE 8: Experimental Lattice Enthalpies AH_ 2 at 298.15 K (kJ mol?) for 20 Metal Halides, MeX, Their Corresponding
Calculated (Pca) and Calculated Jackknifing (Py) Values, and thels Molecular Pseudoconnectivity Value3

MeX AH? Peaic Pix Sy, Oy Ty Sye Oye Tye

LiF 1037 1026 1018 10 1.06066 0.25 21 0.66645 0.10541

NaF 926 885 879 9.44 1.18689 0.29463 20.45 0.69097 0.11153
KF 821 828 828 9.25 1.24798 0.31623 20.25 0.70113 0.11406
RbF 789 796 797 9.16 1.28203 0.32827 20.16 0.70588 0.11525
CsF 750 778 780 9.11 1.30271 0.33558 20.11 0.70854 0.11592
LiCl 852 892 899 6.11 1.20037 0.34879 17.11 0.69281 0.11895

NacCl 786 775 774 5.55 1.32660 0.41105 16.56 0.71094 0.12446
KCI 717 728 729 5.36 1.38769 0.44119 16.36 0.71837 0.12670
RbCI 695 703 704 5.27 1.42174 0.45798 16.27 0.72183 0.12775
CsCl 678 689 689 5.22 1.44242 0.46819 16.22 0.72378 0.12834
LiBr 815 819 819 4.75 1.31013 0.42640 15.75 0.71408 0.12731

NaBr 752 722 721 4.19 1.43636 0.50252 15.20 0.73006 0.13269
KBr 689 683 682 4 1.49745 0.53936 15.01 0.73631 0.13477

RbBr 668 663 663 3.91 1.53150 0.55989 14.91 0.73969 0.13590
CsBr 654 652 651 3.86 1.55218 0.57236 14.86 0.74142 0.13647
Lil 761 763 763 4.12 1.39391 0.48564 15.12 0.72743 0.13229

Nal 705 683 681 3.56 1.52014 0.57234 14.57 0.74234 0.13760
Kl 649 651 651 3.37 1.58123 0.61430 14.37 0.74847 0.13976

Rbl 632 634 634 3.28 1.61528 0.63768 14.28 0.75136 0.14077
Csl 620 624 624 3.23 1.63596 0.65188 14.23 0.75299 0.14135

a1 values have been obtained after a rescaling procedure (see the Method section).

TABLE 9: Intrinsic State Value Matrices, | s, and the Electrotopological & Matrices of the Five DNA/RNA Base8

Bases (M) Is matrices Es matrices
A (135) 3.0 2.0 3.0 1.67 1.67 30 20 2.5 389 140 3.76 0.41 0.63 3.91 154 2.82
167 00 00 40 . 00 00 . 067 00 00 547 4 00 00 U
G(151) 3.0 1.67 2.5 1.67 1.67 3.0 20 25 3.80 0.09 233 -033 028 374 140 2.68
167 40 00 70 4 00 00 041 527 00 1.0 . 00 00
U(112) 25 167 2.5 167 20 2.0 226 047 200 -038 124 129
- 70 00 70 00 J - 1018 00 1021 00
T (126) 25 167 2.5 167 167 20 233 -047 207 -033 051 138
> 70 00 70 20 1033 0.0 1056 162 .
C(111) 25 167 3.0 167 20 20 233 ~0.41 343 024 151 145
= 70 00 40 20 . - 1024 00 513 00 o

aTheir molar massesdyl, are given in parentheses.

The modeling power of this term @ = 0.037,F = 281,r =
0.969,s = 24,u = (17, 65), andul= 41. Theu, utility of the
Xan terms improves over the, utility of the Yay term but at
some expense of they utility. No mixed {y, ¥} index
description is worth being cited for this property.

The Q-1-out method for this property of metal halides shows
[@Q(Xan)O= 0.037,Q(Xan)max = 0.042 (NaBr-out) Q(XaH)min
= 0.035 (LiF-out), andQ(Yan)= 0.053,Q(Yan)max = 0.062
(LiCl- or KF-out), Q(Yar)min = 0.051 (for many consecutively
MeX-out). For what concerns the descriptive power of both
terms Xan and Yay neither of them seems to be consistently
influenced by the exclusion of any metal halide. In the third
column of Table 8 the calculated lattice enthalpy valug,
with vectorC = (373.966, 406.508) are shown, and along the
fourth column of the same table the corresponding jackknifing
values Py, are shown. The two sets of values are quite similar,
even more similar than the MON case.

Singlet Excitation Energies of DNA/RNA BasesThe first
and second singlet excitation energiAg&; and AE,, of DNA/
RNA bases A, G, U, T, and C offer an interesting benchmark
for the newly defineds molecular pseudoconnectivity indices.

In fact these two dimensionally similar properties have recéntly
been modeled by a single and the same molecular connectivity
term, whose form and statistical values are

B OX 5

== (25)
% + 1000

XA E

AE; Q=8.96,F =4.5r=0.790,5s=0.1,
u = (2.3, 107)0C= 55

AE, Q=6.85F=44,r=0.967,s=0.1,
u = (6.6, 86),MC= 46

From these results it is evident th&ie is a goodAE, descriptor,
while the description oAE; is less satisfactory. The discrepancy
in Q values (the bed value for the worse value) is due to
the largers value forAE,, as the originas value forAE; equals
0.088. The interesting side of this modeling resides in the
“broad” validity of this term, which is an optimal descriptor
for both properties. Now, if pseudoconnectivity terms are used,
not only the “broad” validity is maintained but is even en-
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TABLE 10: Experimental First AE; and SecondAE; Singlet Excitation Energies (eV) of the DNA/RNA Bases and Their

Corresponding | s Molecular Pseudoconnectivity Value3

base AE; AE» Sy Oy Ly Ty Sye Oye hype Tye
A 4.75 5.99 24.51 6.60019 5.08618 0.01410 79.50 3.60497 1.49359 0.00004
G 4.49 5.03 30.68 7.09998 5.54098 0.00639 91.27 3.98554 1.71209 0.00001
U 4.81 6.11 26.34 4.,98270 3.54757 0.01711 70.33 2.88573 1.16416 0.00024
T 4.67 5.94 28.01 5.75652 4.19355 0.01324 77.50 3.27130 1.32709 0.00009
C 4.61 6.26 23.84 5.04963 3.55672 0.02066 67.92 2.86843 1.12262 0.00025

a1 values have been obtained after a rescaling procedure (see the Method section).

TABLE 11: Intrinsic State Value Matrices, | s, and the Electrotopological E Matrices of 32 Chlorofluorocarbons (CFCs}

CFC | Is matrices Es matrices CFC | T matrices Es matrices
CH,Cl | @2 411 (147 4.64) CHCL, | (41115411 (4.76 0.19 4.76)
{ 411 133 4.11 481 ~075 481 2 8 05 95
cHCL ( PR 0) ( 51 o1 0) CHF o) ©595)
: ) 963 -1.75 96 § 8133 8 9.67 ~3.67 9.67
CHaFs @139 063 -1 3 CHF, | (o 8 0 0 967 0
? Poran 133 an 437 -172 437
CHCIF | @11 15 8) (4.33 -0.78 10.06) CHCLF z ( o 3 o ) ( o 1053 o ]
: 8 133 8 10.1 -2.69 101 215411 189 072 5
CHOIF, | (o 3 0) [0 26 0] CHCHCI | ¢ ) ( )
‘ } § 2 133 4.11 1.7 —022 504
CH:CH,F @215 8) (146 025 1029) | CHCHCL | (o e o) (0 o2 0)
CH,CHF, 2133 8 0 83 —-2.17 10 33 CH,FCHF | (815 15 8) (1035 -0.85 -0.85 10.35)
0 8 0 1033 ;
CH,CICHCY, (431 105 131 4 011) 5.07 001 -041 51] CHLFCHF, | (g 105 1.53 g) (10 7 153 l g 3798 1039)
41115 125 4.11 425 - 82 —-322425 CH,CICF; 411151258 435 426 4 19 10.65
CH,CICR,CL | ( o0 8 0 ) ( 1108 0 ) | ( 0o 0 8 0) ( )
CHFCF, | 8151258 1037 —z 23 -4.63 lO 41) | CHF,CHF, | 81331338 1041 —348 -3.48 1041
L 00 80 0 1041 ; 08 380 0 1041 1041
CHCLCF. | (4111331258 4 39 —226 —447 1091} | CHCIFCF; | (4111331258 3. 6 —3.23 ~4.90 10,67
Al 0 411 8 0 439 1091 0 i 0 8 80 1085 1067 0
81331258 1042 —4.20 —533 1043 CH,CCl 2125 4.11 1.48 —1.08 5.06
CHE,CE; (0 8 08 0) ( 1042 1043 ) (oﬂ 0) (0 5.06 0)
CH,CF, | 21258 0.19 4.0 10.35 CH,CF.Cl | 2125 411 0.62 ~3.03 42
’ ; 080 0 1035 0 1 08 0 0 1079 0
CH,BrCF L (275151258 224 092 4.04 10.74 CHICF; | (212151258 127 -0.76 ~3.97 10,78
2 3 6 0 80 0 1074 0 H 0O 0 8 0 9 0 1078 0©

CHFBICF, (2.75 133125 8) (1.70 -2.89 -475 10,76)

0 8 8 0 0 11 1076 0

L (2751331258 214 -192 43211
CHC'BrCF3; [0 411 8 oj (0 455 11 0

)

| 2121331258 0.66 -2.73 —4.68 10.80
CHFICF; | (o 8 8 0) (0 11.07 10.80 o)

| (2751331258 229 -1.58 4171108
CHBr,CFs | (0 275 8 0) (o 229 1108 0)

a A number underlined in the second row has a symmetric companion on the top of the first row.

hanced; in fact following term shows enhanced statistics for vales 6 = 0.085 and 0.11, respectively). For comparison

both energies:

— 4.8y,
Ty, + 1207y,
AE;: Q=9.34,F =5.4,r =0.802,5s=0.09,
u = (2.4, 105),uC= 54
AE,; Q=8.62,F =70,r =0.979,s=0.1,
u= (8.3, 103),[= 56

Y= (26)

Even here the discrepancy @values is due to the differeist

purposes it is to be noticed that the molar masses as descriptors
rate, forAE;, Q = 4.9,F = 1.5, andr = 0.578, and, foAE,,
Q=3.7,F =13, andr = 0.899. The last result foAE; is the

only interesting modeling achieved By in this study.

QSAR Studies of Chlorofluoroalkanes (CFCs) and of
2-Bromo-2-Phenethylamines (BrPhAm)Rates of Hydrogen
Abstraction Recently, it has been possible to simulate by the
aid of the E-state index of the carbon atom bonding the largest
number of hydrogen atomsy1), and of two non-E-state
descriptors, théy. molecular connectivity index, and tHe,
shape inde¥ the rates of hydrogen abstraction in units of log
K of 26 CFCs, that is, the effect of their reaction with the
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TABLE 12: Rates of Hydrogen Abstraction (log K), Is—# Values for 26 CFC$ and Their Molar Mass (M)

Pogliani

CFC (M) log K Sy Oy i T Se e Yye Tye
CCI (50.5) 7.36 6.11 1.20037 0.34879 0.34879 17.11 0.69281 0.11895 0.11895
CCl; (84.9) 8.00 9.72 1.80302 0.80550 0.19866 26.03 1.04637 0.26291 0.04122
CCI3 (119) 7.80 13.66 2.34690 1.28314 0.10407 35.68 1.39314 0.42869 0.01386
CF (34) 6.95 10.00 1.06066 0.25000 0.25000 21.00 0.66645 0.10541 0.10541
CFR (52) 6.81 17.50 1.52360 0.57735 0.10206 34.01 1.03057 0.26552 0.03413
CFK; (70) 5.10 25.33 1.92777 0.91971 0.03832 47.34 1.50947 0.56938 0.01251
CCIF (68.5) 7.46 23.61 1.66331 0.69142 0.14239 30.11 1.03275 0.26350 0.03722
CCLF (103) 7.30 17.55 2.20719 1.16200 0.07559 39.35 1.40229 0.45671 0.01310
CCIF, (86.5) 6.45 21.44 2.06748 1.04085 0.05346 43.45 1.42839 0.49624 0.01245
CCCI (64.5) 8.37 7.61 2.01687 0.98010 0.28479 2411 1.07743 0.27124 0.04552
CCF (48.1) 8.14 11.50 1.87716 0.86603 0.20412 28.00 1.06714 0.27526 0.04163
CCCL (99) 8.20 11.55 2.56074 1.46857 0.14918 33.56 1.42391 0.43028 0.01539
CCR, (66.1) 7.48 19.33 2.28132 1.22628 0.07664 41.32 1.44814 0.49327 0.01376
CFCF (66.1) 7.83 19.00 2.34010 1.24402 0.08333 41.00 1.42984 0.44802 0.01357
CCICChL(133) 8.28 15.16 3.16340 1.96617 0.08497 42.67 1.77999 0.58378 0.00534
CFCF;, (84) 7.47 26.83 2.74427 1.60981 0.03129 54.25 1.87126 0.74484 0.00489
CCICRCI (135) 7.20 23.97 3.86045 2.20669 0.04274 59.48 2.25853 0.99310 0.00191
CCICFK; (119) 6.95 30.86 3.26485 2.08173 0.01592 63.85 2.42448 1.23127 0.00208
CFCFR; (102) 6.70 34.75 3.12514 1.96766 0.01141 67.74 2.62825 1.53805 0.00235
CRCF; (102) 6.50 34.66 3.14843 1.97816 0.01175 67.68 2.41002 1.20063 0.00196
CCLCF; (153) 7.40 34.80 3.80872 2.57968 0.00834 73.28 291742 1.63042 0.00083
CCIFCF; (137) 6.87 38.69 3.66901 2.45853 0.00598 77.79 3.26865 2.19995 0.00104
CRCF; (120) 6.48 42.58 3.52930 2.33739 0.00428 81.10 4.55532 4.38982 0.00210
CCCk (133) 6.80 15.58 3.08133 1.95602 0.07590 43.08 1.77734 0.61915 0.00525
CCF; (84) 5.95 27.25 2.66219 1.58114 0.02795 54.74 1.98926 0.95756 0.00542
CCRCI (101) 6.60 23.36 2.80190 1.70610 0.03900 50.78 1.85862 0.77775 0.00509
2y values have been obtained after a rescaling procedure (see the Method se@idg)heteroatoms are written (see the first column of
Table 11).
TABLE 13: Is— (and M) Values for Six CFCs Not in Table 12 and Used for the MAC Simulation
CFC (M) Sy Oy L Ty Sy e hye Ty
CBrCF; (126.9) 29.50 3.37461 2.17315 0.01941 62.14 2.52461 1.32327 0.00245
CICF; (209.9) 28.87 3.45839 2.39975 0.02217 61.88 2.39562 1.14897 0.00217
CFBrCF; (180.9) 37.33 3.77877 2.55371 0.00731 75.84 3.13653 1.95688 0.00100
CFICFR; (227.9) 36.70 3.86255 2.62635 0.00832 75.22 3.09680 1.87379 0.00100
CCIBrCR;(197.4) 33.44 3.91848 2.67485 0.01020 71.95 2.86487 1.52435 0.00083
CBr,CF; (241.8) 32.08 4.02824 2.77002 0.01246 70.57 2.82553 1.43874 0.00083

aOnly heteroatoms are written (see the first column of Table 11).

hydroxyl radical. In Table 11 are collected the two-row matrices one of eq 28, offers a somewhat better description @tk
or vectors of 32 CFCs, where the last 6 CFCs are used to model2.07,F = 63,r = 0.852,s= 0.4,u = (8, 41),uC= 24

the next activity. From these matric8€l) values can easily be
read, but they are also reported in ref 32. In Table 12 are, instead,
collected the 2 vy} values together with the lol values. It

is here interesting to stress that the subsets of monosubstituted,
bisubstituted, and trisubstituted CFC compounds at the same
carbon atom and at two different carbon atoms share the sameClearly, the small improvement due to the second term does
value for each of the four molecular connectivity indices of not decrease the importance, due to its simplicity (kind of

subset{D, %, 1y, %}. The modeling achieved by the linear
combination{ S(1), 3., 4} is quite good withQ = 3.47,F =
60,r = 0.943,s= 0.3,u = (10, 11, 9.4, 3.9), andi]= 8.6.

12) are not able to achieve a better modeling with any linear { (1), 3., '}

combination of three indices or less, but things are completely
different at the level of a single descriptor. The best single
descriptor among the three given indiceS(ik), with Q = 0.861,
F=11,r =0.560,s=0.7,u = (3.3, 53), andul= 28. Now,
the following|s pseudoconnectivity term has the features of an
overall dominant descriptor for this activity

Yiogk =

Spe — 1.06y,|°

o]

P

(27)

with Q = 2.03,F = 61,r = 0.847,s= 0.4,u = (7.7, 41),uC
= 24. This is not the best overall term that can be found by a Molar masses, again, rate quite poorly wigh= 0.042,F =
trial-and-error procedure; a more convoluted term, such as the0.03, andr = 0.033.

Yiog K=

~ Spe — 1.1, — Ty, °°

0

P

(28)

Occam'’s razor) of the term of eq 27, and this goes also to show
how the search procedure for the terms works. Interestingly
enough is the fact that a linear combination of term 28 with the
Let us start saying that pseudoconnectivity indices (see Tabletwo aforementioned indices achieves a modeling similar to

{Yig 0 o Ko} Q=3.49,F =60,r =0.944,5=0.3,
u=(11,5.8, 4.5, 31)u= 13

Only up,—u4 values differ consistently along the two combina-
tions. The interrelation betwedY'ioq k, 3c, o} indices is quite
low with r(Y'ieg K, 3¢c) = 0.28,1(Y'iog k, a) = 0.20, andr(3x,
o) = 0.80. While the{Y'iog k, 3c o} combination achieves
a somewhat better modeling than §&1), 3y, i} combination,
the combinatior{ Yiog k, 3¢c, o}, instead, ha® = 3.42 andF

= 58, only a bit worse than th€S(1), 3y.«} combination.
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TABLE 14: Logarithm of the Minimum Anesthetic TABLE 15: Intrinsic State Value Matrices, | s, and the
Concentration (MAC) of 11 Trifluoromethyl Ethanes Electrotopological Es Matrices of n = 22
(tFMeE), Calculated log MAC, P, and Calculated log 2-Bromo-2-Phenethylamines (NCCBrPhYZ )2
MAC, Py, with the Leave-One-Out or Jackknifing Method?
Yo/ Zn Is matrices Es matrices
tFMeE log MAC Pcaic Pi
CHsCRs 1.60 1.60 1.60 H/H 41513316722222 546 0641030 124 206 201 200 201 206
CH,CICR; 0.90 0.89 0.89 (0 0275 = 0000 J) ( )
CH,BrCF; 0.45 0.39 0.39
CH2|CF3 0.10 0.12 0.13 F/H (3 l(.)S ;f;:; 1:73%]?7(2)3) (5 00 520 §2101172143 0221431 2)
CHFR.CFs 1.70 1.71 1.71 '
CHFC|CF3 118 113 112 Cl/H (41.5 133167221672 2) (5 6060 0.24 1. 16197186 076186]97)
CHFBI’CF?, 0.70 0.70 0.70 00275 » 004110 341 > 57N o
CHFICK; 0.30 0.44 0.45
CHC|ZC|:3 0.43 0.38 0.37 Br/H 8105;1;35 1.27(2)51232(2)3) (5 80832%; 1'_2)2 205 201 1;2 2(())] 235]
CHCIBRCR; -0.10 —0.03 —0.02 )
CHBrCF; —0.40 —0.47 —051 I/H 415133167221672 2) 549064 029124 2.09 2,08 125 208 209
Q0275 +> 0021204 o

a Compounds are taken from Table 13 and some from Table 12. ( J

.. ) . L. 4151331672216722 50064029125210210128210210
Minimum Anesthetic Concentratiarisven if it has not been 00275+ 00 2 04 -
simulated, it has nevertheless been suggested that the minimum
. . . . . H/F 4151331672221.672
anesthetic concentration (MAC), in log units, of 11 trifluoro- 00275 1> 000 8 1 3B 0 0 1260 .

methylethanes could optimally be modeled with 8(€E) values

of the three fluoro atoms bonded to the same carbon &tom.
The Es andls matrices of these 11 compounds are collected in
Table 11, and from them it is possible to read 8E) values. H/Br (g s
In Table 13 are collected the pseudoconnectivity values of the
six remaining CFCs included in the log MAC modeling but  u/1 (3 L

Me/H (
H/Cl [ (546058021113200192185075]91)
0

) (5 8048005088184168142 022148)
) 1

5.49 062 026 121 205 200 200 109 2.06
] A7 340 o

5.50 0.64 0.29 1.25 208 204 207 125 213)
0

. ; . . ) 565 0 0 349 0 229

not taking part in the logk modeling. Finally, in Table 14 are - ( -

collected the log MAC experimental values of the 11 com- w/me | (4151331672221672 5310840291126 208 205 208 12 215
(ooz.75»->ooon) (o 0 349 O 20 )

pounds. Unexpectedly, the molar mass is a discrete descriptor
for this property withQ = 2.24,F = 23, andr = 0.847, but Fral (415
the SF) index achieves a very good improvement w@@h—= 0

4.05,F =74,r =0.944,s=0.2,u = (8.6, 8.8), andu= 8.7. F/Br (415
While no single § molecular pseudoconnectivity index can 0
compete with§(F) as a single descriptor, the following linear ;. | 41,
combination of two indices, instead, seems to be the optimal (0

solution:

w
<

o

~

S}

(¥}

o

3

Y
=3
o
~
/N
w
S
=3
SN

6004089]66133 041 0.13 1. 7
334 & 0 12.69 5.58

33167 22167
8

75 > 00 - 0 1297 311 4

of
o

67 2 5.44 0.50 0.09 098171]42 -0.250471.72
75 4 0 0 338

72 545052012102]74]47
. 0 0 340 > O

Cl/Cl |(41 67 2 5.47054015105190172057056182
] 4 0 0 3

42 B 575582 4
{%,, Syet: Q=13.6,F = 419,r = 0.995,s= 0.1,
u= (29, 22, 15)[= 22

Cl/Br ({41
0

The very good values d, F, andu seem to leave no doubt  C/Me [3 3 10001 118199 100 080 108 20

about the quality of this combination, whose two parameters
are not so strongly correlated witkPy,, Syg) = 0.73. Notice Br/Cl (g L5 1
that the best single pseudoindgXy }, rates onlyQ = 1.23 '
andF = 6.9. But, to model 11 points with 2 parameters is a sr/gr (4 1513316722167 167 2)

. . . 00 27 00275275 4
rather uneasy choice. A trial-and-error procedure discovers the
following excellentls— term, withQ = 15.3,F = 1065,r = Br/Me (

50 ©> 0 0 345207

0.996,s = 0.06,u = (33, 35), andud= 34:

1 T Me/Me | (415133 167221671672 5.55 0.64029126212213133132 2.18
’l/)~|— 'l/} 00275+ 00 2 2 0 0 352 = 212212 4
Yiog wac = —5—— (29)
’l/) Me/Br 415133167221671672 5.530.62026122209209125114210
E 00275+ 00 2 275, 0 0 350 b 0 207348 .

The correlation vector of the vector terfh = (Yiog mac, Uo), )

which allows theP,c values given in Table 14 to be derived *ls andEs values of Br, %, and Z, are in the second row.

with the equation log MAG= C-Y (without bars, as two values

are negative), i€ = (—206.258, 7.66399). Th@-leave-one- Oy + 0.45ye replaces®ye in the denominator and where the
out method and the jackknifing method both reveal the great whole expression is elevated to the 0.8 power, shows a
stability of the modeling, as (iPx values (see Table 14, last somewhat improved statistical value, wigh= 16.1,F = 1171,
column) are nearly identical to the original calculatBg r = 0.996,s = 0.06, andu = (34, 36).

values, (ii) theC vector is highly constant with an error 2% Antagonism of Adrenalin by 2-Bromo-2-Phenethylamines
for each parameter, and (iiQ) values are also highly constant, (BrPhAm) The hydrogen-suppressed formula of BrPhAm
with the only exception for compound CFlgRvhich, when it derivatives is NCCBrPhYZn, where Y, and Z, are substituents

is left out, gives rise t@Q = 22, F = 2155, andr = 0.998. It in para (p) and meta (m) positions of the phenyl Ph &ngheir

is to be noticed that the term of eq 29 has been chosen following s and Es matrices and correspondingvalue are collected in
“Occam’s razor” considerations. A more convoluted term, where Tables 15 and 16, respectively, while their molar mads,
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TABLE 16: |s Molecular Pseudoconnectivity Values forn = 22 2-Br-2-Phenethylamine3 Whose Heteroatomic Formula is
NCCBrPhY ,Zn

Yo/ Zm Sy O Ty Ty Sye Oy Ty Tye

H/H 21.25 7.09599 5.40447 0.029201 76.24 3.66247 1.40023 0.000042
F/H 28.92 7.51626 5.77241 0.112980 89.41 4.03535 1.60992 0.000014
ClIIH 25.03 7.65597 5.88052 0.015763 85.50 4.01417 1.55360 0.000014
Br/H 23.67 7.76573 5.96545 0.019270 84.16 4.02434 1.55079 0.000015
I/H 23.04 7.84951 6.03028 0.219480 83.52 4.03527 1.54903 0.000016
Me/H 22.92 7.86981 6.04600 0.022597 83.43 4.03725 1.54845 0.000016
H/F 28.92 7.51626 5.77241 0.011298 89.42 4.04020 1.61651 0.000014
H/CI 25.03 7.65597 5.88052 0.015763 85.53 4.01514 1.56224 0.000014
H/Br 23.67 7.76573 5.96545 0.019270 84.15 4.02515 1.55212 0.000015
H/I 23.04 7.84951 6.03028 0.021948 83.53 4.03515 1.54889 0.000016
H/Me 22.92 7.86981 6.04600 0.022597 83.41 4.03785 1.54876 0.000016
F/CI 32.70 8.07624 6.25291 0.006099 98.69 4.40118 1.79407 0.000005
F/Br 31.34 8.18600 6.33784 0.007456 97.34 4.40714 1.77686 0.000005
F/Me 30.59 8.29008 6.41839 0.008743 96.59 4.41980 1.77130 0.000005
Cl/Cl 28.81 8.21595 6.36102 0.008509 94.82 4.37065 1.73098 0.000005
Cl/Br 27.45 8.32571 6.44595 0.010402 93.44 4.37909 1.71746 0.000005
Cl/Me 26.70 8.42979 6.52650 0.012198 92.70 4.39135 1.71258 0.000005
Br/Cl 27.45 8.32571 6.44595 0.010402 93.44 4.37996 1.71867 0.000005
Br/Br 26.09 8.43546 6.53089 0.012717 92.09 4.38741 1.70467 0.000005
Br/Me 25.34 8.53955 6.61143 0.014912 91.32 4.40027 1.70062 0.000006
Me/Me 24.59 8.64363 6.69197 0.017486 90.58 4.41277 1.69715 0.000006
Me/Br 25.34 8.53955 6.61143 0.014912 91.35 4.39991 1.70071 0.000006

a1 values have been obtained after a rescaling procedure (see the Method section).

TABLE 17: Antagonism of Adrenalin by _ r = 0.4,s = 0.5, andC= 3.83% The modeling achieved by
'ZFhBeE}ZMFZ)TSPEAtgg!saTAIn\?jlégg%iﬁsglﬁéﬁ) F')ESEE;{)C )U\f}gmes Is—y indices is much more satisfactory at the level of the single
and Percent Residual Relative to the Experimental pEky index with the exclusion of the utilityitivalue
Value, A% = |[(Pex — Pcaid| x 100Peyp

{%}:Q=2.17,F=32,r =0.785,5s=0.36,[= 2.9

Yo/ Zn M pEDso pEDs¢(calc) A%

:;%:' gggi g:ig 273'.‘;2 g‘% But it is with the following pseudoconnectivity term that the
CIH 234.5 8.68 8.29 45 Is—y modeling becomes optimal and in some insight even better
Br/H 279 8.89 8.58 3.5 than the three E-state indices modeling

I/H 326 9.25 9.17 0.8

WP 2la1 782 755 o Yoo =Ly + (L9)°0 = Ope — 337°% (30)

H/CI 234.5 8.16 8.28 1.5

H/Br 279 8.30 8.58 3.3 This term ha€) = 4.00,F = 108,r = 919,s= 0.23,= 11,

H/l 326 8.40 8.75 4.2 andu = (10.5, 11). The correlation vector by the aid of which
H/Me 214 8.46 8.79 3.9 the calculated values of Table 17 have been obtainé@ is

E;g: 385'5 g:é? g:g’g éf—,’ (—114.643, 124.083). In the Ia_st column of thi; table are reported
E/Me 232 382 883 0.06 the percentage residuals relative to the experimental value, from
clcl 269 8.89 8.77 1.3 which the level of the achieved modeling is evident. Notice (i)
Cl/Br 313.4 8.92 8.97 0.6 the low average interrelation value for the ovetgity indices
Cl/Me 248.6 8.96 9.12 18 with 0= 0.647, (ii) the maximum and minimum values,
Brel 3134 o0 o 9 Fmad1, T1) = 0.999 and rmin(Ty, Tye) = 0.162, and (iii)
Br/Me 293 022 027 0.6 the bad modeling power dfl with Q = 0.994,F = 6.7, andr
Me/Me 228.1 9.30 9.39 1.0 = 0.50.

Me/Br 293 9.52 9.27 2.6 Before concluding let us come back to the sign problem

underlined in the Method section and solved with the rescaling

values and their adrenalin antagonism measure inspHEBits, procedure. Tentatively, tf)o !_,ntmd”ffsa negT;atlve sign atythe
which measures the biological response as the negative Ioga-lfavel’ that Is, at thé?" (S) '_’O(f's) > andTye levels every
rithm of the estimated dose for 50% response, are given in TableiMe S is negative (i.e.~(S)= and so on; see eqs-8) has

17. Many of these molecules not only show the same subset of& V€'Y negative consequence for the modelmg. Let us here also
{x} values but also the same subset {of} values, i.e., meet the_ criticism tha_lt properties modeled with descr_lptors are
interchanging the place of substituentsad Z, not only-type adlmens!onal properties, ar(w)d in fact tg\_ey are, as what is modeled
indices do not change, but also th&type indices are not |s_the agllmensgcgnal ratiB/P°, whereP? is the unitary property
altered. Furthery-type indices also stay constant whenever Y with unit value:

or Zm is replaced by a substituent different from H. This means
that the generdly} representation of these molecules is highly
redundant, with the consequence of a poor modeling. Kier and  The electrotopological state {Emodel for atoms in molecules
Hall achieved the following optimal modeling of pEfwith a originated in 1996-19912425and it aimed to derive structure
set of three E-state indice®) = 4.75,F = 49,r = 0.95,s = information at the atomic level to use in QSPR/QSAR studies.
0.2, W= 5.8,u= (1.0, 11, 11, 0.3). The single E-state index, Actually, the I-state molecular pseudoconnectivity indices here
instead, achieved a rather bad modeling v@tks 0.75,F = 4, developed, and based on the electrotopological model, compact

Conclusion
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again the information at the molecular level and try to use this Hall of the Eastern Nazarene College, Quincy, MA, for their
information for QSAR/QSPR studies. Through the rEodel constant support and help.
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