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SUMMARY 

Quantitative structure-retention relationships (QSRRs) have been studied for 
a diverse group of aliphatic and heterocyclic amines subjected to gas-liquid chro- 
matography on three stationary phases of different polarities. As a numerical de- 
scriptor of the ability of the solutes to take part in non-specific interactions with 
stationary phase, a quantum-chemically calculated (by the CND0/2 method) total 
energy, ET, is employed. To characterize quantitatively the differences in specific or 
polar properties of the solutes, a new topological electronic index, p, is proposed. 
This index is calculated by summation of the absolute differences in electronic excess 
charges on all atomic pairs in a given molecule, divided by the squares of the re- 
spective interatomic distances. The resulting two-parameter QSRR equations involv- 
ing ET and p are highly statistically significant for retention data determined on 
either non-polar or polar stationary phases. The index p is a better descriptor of 
molecular polarity than other measures previously reported. 

INTRODUCTION 

Recently, for studies of quantitative structure-retention relationships 
(QSRRs), we have proposed a quantum-chemically derived submolecular parameter, 
A, representing the largest difference in atomic charges in a given solute moleculelV3. 
This parameter has been designed as a non-empirical molecular descriptor of the 
ability of a particular solute to undergo the so-called polar or specific interactions 
with the chromatographic phases. When used together with the “bulky” non-specific 
molecular descriptors in a two-parameter regression equation, it improved the quality 
of structure-retention correlations as compared to other polarity descriptors, e.g., 
total dipole moments4v5. Such correlations were good but only in the case of non- 
polar stationary phases. 

* For Part I see ref. I. 

0021-9673/86/$03.50 0 1986 Elsevier Science Publishers B.V. 



64 K. O~MIALOWSKI, J. HALKIEWICZ, R. KALISZAN 

THEORETICAL 

Highly statistically significant regression equations were reported previously’-3 
which related the retention data for diverse sets of solutes to the CNDO/% calculated 
quantum-chemical indices, namely the total energy, ET, and the polarity descriptor, 
A. The retention data, which have successfully been correlated with both ET and A, 
were obtained by gas-liquid chromatography (GLC) of a set of aliphatic and het- 
erocyclic amines’ as well as by high-performance liquid chromatography (HPLC) of 
a set of benzene derivatives with different polar functional groups2*3. In the case of 
HPLC, the reversed-phase technique was employed, whereas for GLC retention data, 
satisfactory correlations were found only when the non-polar methyl silicone (OV- 
101) stationary phase was used. Attempts to correlate with ET and A the Kovats 
indices determined on polar GLC phases, methyl phenyl cyanopropyl silicone (OV- 
225) and neopentyl glycol adipate (NGA), were unsuccessful. 

It may be assumed that, in the case of more polar phases, the specific inter- 
actions with solute molecules become more important for retention. From our studies 
as well as those of others6 it may be concluded that ET well characterizes the ability 
of a solute to undergo non-specific interactions with chromatographic phases. Thus, 
in the case of closely congeneric solutes chromatographed on non-polar phases, ET 
alone may suffice for the prediction of retention. However, for the description of 
retention data determined on polar phases, in addition to ET, another parameter is 
required which reflects the specific chemical properties of the solutes. The significance 
of that specific parameter is expected to increase with increasing polarity of the chro- 
matographic phase and with the structural diversity of the solutes. 

The quantitation of the specific or polar properties of a given solute is the most 
difficult problem in attempts to relate structure to retention. Following the early 
suggestions by Kovats, the dipole moments of solutes were used as polarity measures, 
either determined electrostatically5~7-9 or calculated quantum chemicallysJO. The re- 
ported QSRR equations obtained by means of total dipole moments and “bulk” 
parameters are not considered satisfactory, however. 

Bearing in mind the failures when employing total dipole moments in QSRR 
studies, we came to the conclusion that a local, submolecular polarity of a certain 
structural fragment of the solute was decisive for polar interactions with chromato- 
graphic phases, rather than the overall dipole moment. Thus we turned our attention 
to the quantum-chemically calculated distribution of electronic excess charges on 
individual atoms in a solute molecule. The maximum difference in electronic excess 
charge for two atoms appeared to be a statistically significant descriptor of the re- 
tention of diverse sets of solutes in GLC on non-polar phases’ and in HPLC on 
chemically bonded hydrocarbonaceous phases 2*3. Still, however, we could not get 
satisfactory QSRR equations in the case of polar GLC phases. We have analysed 
further the electronic charge distribution in solute molecules, believing that infor- 
mation may be extracted from it which reflects in a numerical form the specific/polar 
properties of the solutes. Impressed with the numerous successful applications of 
various topological indices in quantitative structure-property relationships* l, we at- 
tempted to express topological information concerning the solute molecule in terms 
of the distribution of the electronic charge on individual atoms and interatomic dis- 
tances. 
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EXPERIMENTAL 

Chromatography 
The details of the procedure applied were as reported previously’ for the 

OV-101 phase. The only difference is that here the solutes were chromatographed on 
the polar phases OV-225 and NGA, purchased from Applied Science. The Kovats 
retention indices calculated are given in Table I for all the three phases studied. 

Topological electronic index calculations 
At first the calculations of the electronic charge distribution in solute molecules 

were done by the CND0/2 molecular orbital method. The program12*i3 was adapted 
for the RIAD computer. Standard values of the bond lengths and angles were as- 
sumed14. 

The topological electronic index, FE, proposed here has been calculated as 
follows. For individual atoms of the solute, Cartesian coordinates are determined 
assuming the same geometry as applied for the CNDO calculations. To each indi- 
vidual vertex atom a number, q, is assigned, equal its electronic excess charge. Next, 
the distances, ri,j, between each pair of vertices are calculated. For every pair of 
vertices the absolute value of the excess charge difference is divided by the square of 
the respective interatomic distance. The resulting numbers are summed for all the 
possible atomic pairs in the molecule: 

p = 1 h ; %I; 
hi) ri,j 

i#j (1) 

The procedure applied is illustrated in Fig. 1. All the calculations of P are easily 
accomplished by means of a small personal computer (the details may be obtained 
on request from the authors). 

RESULTS AND DISCUSSION 

In the previous communication’ we reported for the Kovats retention indices 
of amines, normalized to 130°C Zov_lOl, a two-parameter regression equation with 
the total energy, ET, and the polarity parameter, A, as independent variables. The 
statistical value of that equation derived for n = 22 solutes was characterized by the 
multiple correlation coefficient, R = 0.93, the standard deviation from the regression, 
s = 67, and the significance level, p < 0.0001. 

Here we recalculated the QSRR for retention data determined on the OV-101 
phase (Table I), replacing the polarity parameter, A, by the topological electronic 
index, P. The resulting equation has the form: 

Zov_lO1 = (160.6 f 95.8) - (13.39 f 1.38)E, - (149.6 f 35.7)TE 
(2) 

n = 22, s = 35.29, R = 0.9810 

Eqn. 2 is significant at the p = 10-l s significance level, whereas the p values for the 
variables ET and P are 0.0002 and 0.0024 respectively. 

The one-parameter equation relating Z ov 1o1 to ET is significant at the p = _ 



K. OSMIALOWSKI, J. HALKIEWICZ, R. KALISZAN 

TE - c 
oil Isi- 

2 ; ifi 
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~32 1.02 2.034 2 

Fig. 1. Determination of the topological electronic index, P. 

2 . 16’ level and the correlation coefficient is R = 0.8954. The similar equation 
relating Zov_lol to p is of low statistical significance: p = 0.39, R = 0.3064. In spite 
of that, the introduction of L@ into a regression of the type 2 is fully justified statis- 
tically. 

As pointed out already, the previous attempts’ to correlate Kovats retention 
indices for the same group of solutes, but determined on the polar phases NGA and 
OV-225, were unsuccessful. Two-parameter equation relating ZNoA or Zov_225 to ET 
and A were of low statistical value. This is because the importance of the ET term for 
retention on the polar phases is decreased compared to OV- 10 1. At the same time 
the parameter A is unable to reflect quantitatively the increasing importance of spe- 
cific, polar solute-stationary phase interactions. 

Using the topological electronic index, P, instead of A, along with ET, in 
two-parameter regression analysis, we obtained the following statistically valid equa- 
tions: 
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TABLE I 

KOVATS RETENTION INDICES NORMALIZED TO 13o’C AND DETERMINED ON THREE 
STATIONARY PHASES, QUANTUM CHEMICAL INDICES AND TOPOLOGICAL ELECTRON- 
IC INDICES OF THE AMINES STUDIED 

No. Solute Retention indices* Total Energy Topological 
energy. of HOMO electronic 

&w-ioi IOY-225 ho.4 ET E HOMO index, 
(ax)** (a.u.) TE 

1 Allylamine 463 
2 n-Butylamine 553 
3 sec.-Butylamine 471 
4 tert.-Butylamine 501 
5 n-Pentylamine 635 
6 n-Propylamine 466 
7 Isopentylamine 615 
8 Isopropylamine 469 
9 Diallylamine 660 

10 Di-n-propylamine 694 
11 Diethylamine 527 
12 Methyl-n-pentylamine 706 
13 Methyl-n-hexylamine 871 
14 Methyl-n-butylamine 630 
15 Di-n-butylamine 943 
16 Pyrazine 696 
17 Pyridine 692 
18 P-Picoline 841 
19 3-Chloropyridine 890 
20 Chloropyrazine 895 
21 2-Chloropyridine 870 
22 4Cyanopyridine 955 

409 548 -38.100 
588 800 -48.597 
575 729 -48.596 
574 600 -48.593 
805 877 -57.381 
457 521 -39.917 
715 883 - 57.272 
494 521 -39.921 
797 885 -62.519 
753 906 -65.964 
467 600 -48.602 
819 961 -65.963 
875 1032 - 74.583 
616 816 - 57.279 

1020 1069 -83.242 
940 1115 -54.621 
867 1086 - 50.866 

1059 1156 - 59.554 
1134 1280 -66.356 
1180 1365 - 70.038 
1198 1455 - 66.245 
1640 1675 -68.643 

-0.4964 1.5866 
- 0.4843 1.6746 
-0.4847 1.9182 
- 0.4895 2.1516 
-0.4767 1.7722 
-0.4936 1.5321 
-0.4793 1.9085 
-0.5048 1.8751 
- 0.4686 2.1312 
-0.4655 2.1720 
- 0.4767 2.1247 
-0.4626 1.9765 
- 0.4590 2.0512 
- 0.4670 1.8866 
-0.4595 2.4639 
-0.4564 1.0181 
-0.4707 0.9799 
-0.4652 0.9722 
-0.4757 1.1006 
-0.4658 1.2350 
-0.4737 1.1321 
- 0.4809 1.3142 

l Retention indices extrapolated to 130°C. 
* a.~. = Atomic unit. 

INGA = (456.5 f 290.5) - (20.85 f 4.17)Er - (424.5 f 108.2)2+ 
(3) 

n = 22, s = 107.0, R = 0.9484 

I,,_,,, = (270.4 f 359.2) - (20.19 f S.lS)Er - (369.5 f 133.7)2+ 
(4) 

n = 22, s = 132.2, R = 0.9145 

Eqn. 3 is significant at p = 3.3 . 10m9 and eqn. 4 at p = 2.8 . IO-‘. The p values for the 
variables ET and p in eqn. 3 are 0.0015 and 0.0029, respectively, and 0.0030 and 
0.0070 in eqn. 4. 

The one-parameter equation relating Z NGA to ET is significant at thep = 0.0009 
level, correlation coefficient R = 0.7295. For the OV-225 phase, ET is significant at 
p = 0.0007 and R = 0.7295. 

One-parameter equations relating Kovdts indices determined on the polar 
phases NGA and OV-225 to the index P are of higher statistical significance than 
in the case of the non-polar phase OV-101. For the equation ZNGa = f(p) the sta- 
tistics are p = 0.04 and R = 0.5338, whereas for the relationship Zov_zzs = f(P) 
the corresponding values are p = 0.09 and R = 0.4733. 
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Methylsilicone: OV-101 

Methyl Phenyl Cyanopropyl Silicone: OV-225 

OH 

Neopentyl Glycol Adipote: NGA 

Fig. 2. The chemical formulae of the stationary phases employed for the retention index determinations. 

The parameters ET and P are nearly completely orthogonal, i.e., for their 
intercorrelation, R = 0.1031. For that reason the two variables are ideally suitable 
for multiple regression analysis. Another quantum-chemical index which could be 
very informative for structure-retention studies is the energy of the highest occupied 
molecular orbital of the solute, E HOMO (Table I). EHoMo is often related to the ability 
of the solutes to form charge-transfer complexes with chromatographic phases6*15. 
Unfortunately, for the present solutes there is a high intercorrelation between the 
quantum-chemical indices ET and EHOMO, namely R = 0.7665. Such a situation pre- 
cludes, for statistical reasons, the unequivocal discussion of QSRR equation com- 
prising both ET and EHOMO. Anyway, we should note perhaps that EHoMo introduced 
as a third parameter into eqns. 3 and 4 resulted in an increase of the multiple cor- 
relation coefficients. This increase is very significant in the case of the OV-225 phase, 
i.e., R = 0.9445 for the three-parameter equation Zov_zzs = f(ET, P, EHOMO) and 
the equation is significant at the p = 5.2 . 1OW8 level. One would expect marked 
charge-transfer interactions between the electron-acceptor OV-225 molecules (Fig. 
2) and the donor amines. Such interactions should be less evident for the remaining 
two phases OV-101 and NGA (Fig. 2). The problem of quantitation of the charge- 
transfer interaction will be studied further, based on the implications of the pre- 
vious1-3 and the present work. 

The topological electronic index, P, proposed here enables progress to be 
made in numerical differentiation of the polar or specific properties of the solutes. 
This index is calculated in such a way that it reflects (at least to some extent) differ- 
ences in solute size, shape and constitution. This is so because the elemental consti- 
tution as well as the molecular shape and size undoubtedly affect the electronic charge 
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distribution in the molecule and the interatomic distances. Formally, the units of the 
topological electronic index are electron/AZ. The available topological indices com- 
prise some information related to interatomic distances but do not utilize the infor- 
mation concerning the electronic structure of the solutes. When the quantum-chem- 
ical calculations can be done routinely, the toplogical electronic indices may became 
more readily accessible. Most probably, the quantum-chemical data may be trans- 
formed into various topological indices of even better information value than P. 

The QSRR equations involving non-empirical molecular descriptors, non-spe- 
cific, i.e., total energy, ET, and polar, i.e., topological electronic index, P, are still 
lacking in precision, especially in the case of diverse non-congeneric solutes chro- 
matographed on polar phases. Certainly, neither ET nor P is an ideal structural 
descriptor, all the more so as the CND0/2 molecular orbital method yields only 
approximate data and the geometry assumed for the calculations may differ from the 
actual one in the chromatographic system. Nonetheless, at least for some chromato- 
graphic phase systems, interactions other than non-specific and polar interactions 
should be considered in deriving QSRRs e.g., charge-transfer interactions. 

Bearing in mind that the dynamic, reversible drug-receptor interactions resem- 
ble chromatographic processes, we expect the successful application of topological 
electronic indices to medicinal chemistry. 
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