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SUMMARY

_ Sets of Kovits indices corresponding to different chromatographic conditions
and/or to different chemical families can be rendered coherent by the use of topology—
information correlations established according to the principles of the DARC (De-
scription, Acquisition, Retrieval and Conception) topological system. These corre-
lations are based on the Kovdts indices or on data derived from these indices (Kovdts
index increment, /7, and isotopology factor, tf). They serve to demonstrate the pre-
diction potential, the minimization of the number of parameters and of the number
of data, and the precision of our approach. Chromatographic retention data banks
can be envisaged on the basis of this approach.

INTRODUCTION

. In analytical organic chemistry, the methods used for the acquisition and auto-
matic computer processing of mass and nuclear magnetic resonance (NMR) spectro-
" scopic data are advancing rapidly. There are already operational data banks in mass
spectroscopy!, and *C NMR spectroscopic data banks are currently being set up?-3.
“File search™ or “library search™ computer systems are- being used successfully in
the computer-aided interpretation of mass spectra®3. Nevertheless, from the data
processing point of view, the identification of new compournds that have no reference
spectrum is still the most difficult problem*; thus, current research on the method of
~ asking these banks a question is aimed at discovering resemblances between compound
sub-structures®, rather than determining the identities of the compounds themselves.

- Together with the means required to develop and exploit these spectroscopic
data processing methods, a- prehmmary and. quahtatwe chromatographic analysis
may be a simple and useful complementary means of identification, provided that
there is a rapidly accessible data bank. We shall show how such a data bank can be
set up, starting from an in-depth expioxtation of a population of Kovits indices which,
in gas-hquid chromatography, are tecogmzed as being the most reproduczble reten-
‘tion data. -

: Although very useful collecnons of chromatographlc retention data already
emst5—3 they often appear in handbook form and their use is relatively restricted to
estabhshmg whether or not a particular compound has already been studied and, if
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so, under what conditions. Thus, an organic chemist often encounters two types of

problems:
(1) When synthesizing a new family of compounds there are ofien no chromato-

graphic data available to identify these productis; however, there might be some
products already studied whose structurss are comparable but whose substituents
or chemical functions are different. If so, how can he extrapolate the behaviour of new
compounds from already known compounds?

(2) For a known compound, there may be available retention data obtained
under certain chromatographic conditions (stationary phase SP, and temperature
T,), but not under other chromatographic conditions (SP, and 73). If so, how can he
extrapolate the behaviour of a known compound under new conditions (SP, and 73)
from already known conditions (SP, and 7,)?

The same methodology can be used to solve both of these problems. Indeed,
the functional group and each site of the molecular environment of compounds
belonging to a same population contribute an additional value to the Kovits indices.
The variations in these elementary contributions result either from a structural vari-
ation (functional group, environment) or from a variation of the chromatographic
conditions (stationary phase, polarity and temperature). These contributions and their
variations can be grasped by setting up topology-information correlations®*'. We
shall show how, with these correlations, it is possible to analyze and extend the in-
formation content of already published populations of Kovits indices. We shall also
stress the strategy required in choosing the minimum number of pertinent compounds
to permit the characierization of a2 population of compounds.

METHOD AND RESULTS

There are already many works on the establishment of retention-structure
relationships, notably for hydrocarbon analysis’?>~!4, which have been recently re-
viewed'>—'8, In referring to one of these methods. Souter repeated his opinion “that
a2 method is required, based on a much smaller number of structural terms. These
terms would be evaluated by solving an over-determined set of equations expressing
retentior. data for a number of compounds; least-squares methods would probably
be applied in this procedure™?®,

We shall give examples of how the DARC” topological system?®2!, which
is based on the concepi of an Environment which is Limited, Concentric and Ordered
(ELCO) (i.e., on a topological description of the molecular environment from an
origin taken as a focus), meets these criteria. As the principles of the DARC system
as weil as its generalization to the processing of polyfunctional compounds, of those
with no apparent functional group and the simultaneous processing of different popu-
lations, appear ¢lscwhere with chromatographic applications'!, we shall not consider
them here.

In order to show how an in-depth exploitation of the Kovats indices could be
envisaged so as to extend the information content of already published populations
of Kovdts indices, we shall deal successively with four chromatographic problems:

(1) the interpolation and exirapolation of structural effects;

* Descripticn. Acquisition, Retrieval and Conception.
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(2) the prediction of indices to be determined on stationary phase SP, at
temperature T; on the basis of indices already determined for the same compounds
on SP, at the same temperature T;;

(3) ithe prediction of indices to be determined on SP, at 7, based on those
already determined on SP; at 7;;

(4) the perturbations brought about by varying the functional group in dif-
ferent populations whose member compounds have comparable structures (i.e.,
having the same ELCO).

Also, we shall consider the methodology problems raised by Souter: prediction po-
tential, minimization of the number of parameters and of the number of data, and
precision.

Prediction of structural effects: interpolation and extrapolation

Rijks?**# determined, on squalane at 50° and 70°, the Kovats indices of 45
alkanes having up to nine carbon atoms. We have re-calculated them at 60° and ex-
tended the population by including the first nine reference n-alkanes whose value is,
by definition, already known. We have treated this population by a degree n topology—
information correlation®. In the given example, we shall illustrate the flexibility in
choosing a structural variable and the possibilities of minimizing the number of
parameters. This will be done by re-grouping the topological sites located at the same
distance from the focus, and having the same degree of ramification. We thus obtain
a correlation having only 18 structural parameters. The correlation coefficient, R,
is 0.9998 and the Exner y test is 0.026. For the 45 compounds analyzed by Rijks, the
standard deviation is 3.9 L.U. and the average deviation between the experimental
value and the value calculated on the basis of the correlation is 3.1 LU, i.e., the relative
average deviation is << 0.5%.

With this topology-information correlation, it is not only possible to make
predictions for the alkanes with nine carbon atoms, but also those having more than
nine carbon atoms. Insofar as the methodology is concerned, the extrapolations based
on this correlation for aikanes having a greater number of carbon atoms than the al-
kanes used in establishing this correlation are justified by the degree n polyfocaliza-
tion, thanks to the weight factors attributed to each of the topological sites!'. As an
example, in Table I we show the predictions for alkanes having up to ten carbon
atoms, Z.e., 150 compounds of which only about 50 were used to establish the
correlation (Scheme 1).

Basic information Prediction field

b 4

given example :
Topology-Information 150 Indices cf alkanes

correlation C. to C

45 indices of zalkanes
(C‘ to Cg)
on squalane at 60°C l0)

with only 18 parameters on squalane at 60°C

Scheme 1. Example of the prediction potential of a topology—information correlation.
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TABLE] .

PREDICTION OF KOVATS INDICES OF 150 C,—C;s ALKANES ON SQUALANE AT €9°
WITH A TOPOLOGY-INFORMATION CORRELATION LIMITED TO 18 PARAMETERS

With a 23-parameter correlation instead of a 17-parameter corre!.;tion the maximum deviations are
lowered by about half (i.e., to ca. 194).

The name of the main chain is indicated by the number of carbon atoms it contains (e g., 6 = hexane,

11 = undecane). The main chain substituents are: M- = methyl, DM = dimethyl, TM = trimethyl
or tetramethyl, PM = pentamethyl, ET = ethyl, DET = diethyl, IPR = isopropyl.

Alkane Kovdts indices on squalane at 60° Difference
- Expil. Calc. Expti. I, — I, I.— L
( Rijks) {correlation) ( Matukuma)
(a) (5) (c)
1 100.0 100.0 0.0
2 206.0 199.8 0.2
3 300.0 297.9 2.1
4 400.0 404.8 —4.8
2-M3 360.3
5 500.0 502.0 —2.0
2-M4 4754 478.4 —3.0
2,2-DM3 412.6 407.1 5.5
6 600.0 597.1 29 -
2-M35 569.8 565.5 0.3
3-M5 584.6 587.1 —2.5
2,2.DM4 537.6 538.6 —1.0
2,3-DM4 568.1 566.9 —1.2
7 700.0 696.6 3.4
2-M6 666.8 662.6 42
3-M6 676.5 675.8 0.7
3-ET5 686.6 686.1 0.5
2,2-DMS5 626.3 628.4 —2.1
2,3-DM5 672.5 669.2 3.3
2.4-DM5 630.1 633.9 —3.8
3,3-DMS 660.2 660.4 —0.2
2,2,3-DM4 641.1 643.6 —2.5
8 800.0 797.8 22
2-M7 765.0 761.2 38
3-M7 772.6 7734 —0.8
4-M7 767.4 769.0 —16
3-ET6 772.6 .
2,2-DM6 719.9 715.6 4.3
2,3-DM6 760.8 756.1 4.7
2,4-DM6 732.4 738.3 —59
2,5-DM6 728.7 726.7 20
3,3-DMS6 7447 747.9 —3.2
3,4-DMs6 771.6 769.3 23
2-M3-ET5S 762.4 761.9 0.5
3-M3-ETS 775.7 772.7 3.0
2,2,.3-TM5 738.6 744.8 —6.2
2,2,4TM5 690.9 6949 —4.0
2,3,3-TMS5 761.4 759.2 - 22
2,3,4-DM5 7527 743.3 5.4
G 900.0 899.0 9¢0.0 R 1.0

2-M3 863.3 _864.8 . 1.5
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Alkane KRovdts indices on squalare at 60° Difference
Exptt. Calc. Expzl. L —1, L —5
" (Rijks) (correlation) { Marukuma)
(a) (5) (¢}

3.M8 870.4 873.7 870.8 —33 —-2.9
4-M8 868.3 863.3 —50
3-ET7 874.6 867.4 —7.2
4-ET7 863.5 858.2 —53
2,2-DM7 815.9 8156 816.5 0.3 05
2,3-DM7 8352.7 855.5 2.8
2,4-DM7 830.6 821.2 —94 -
2,5-DM7 836.5 833.7 —2.38
2,6-DM7 819.6 827.5 79
3,3-DM7 836.9 839.6 837.3 —2.7 —2.3
3,4DM7 - . 869.5 858.0 —2.5
3,5-DM7 847.2 8344 —12.8
4,4-DM7 8399 828.6 —11.3
2M3-ET6 846.5 844.7 —1.8
2M4-ET6 8332 8249 —83
3M3-ET6 858.0 856.0 —2.0
3M4-ET6 859.7 855.6 —4.1
2,2,3-TM6 822.9 825.7 823.3 —2.8 —24
2,2,4-TM6 790.4 7934 790.7 —3.6 —27
2,2,5-TM6 776.9 774.1 777.3 2.8 3.2
2,3,3-TM6 844.9 8417 3.2
2,3, 4.TM6 850.5 845.5 849.7 40 3.2
2,3,5-TM6 812.8 8i7.1 813.2 —43 —3.9
2,4,4-TM6 809.2 812.6 809.7 —34 —29
3,3,4-TM6 858.1 855.1 —3.0
3,3-DETS 872.8 875.3 880.2 4.5 49
2,2-DM-3-ET5 824.2 836.3 824.4 —12.1 —11.9
2,3-DM-3-ET35 865.2 875.0 9.8
2,4-DM-3-ET5 838.2 834.7 8384 3.5 3.7
2,2,3,3-TMS 854.8 853.4 8558 14 2.4
2,2,3,4-TMS5 8222 826.0 8219 —3.8 —4.1
2,24 4-TM5 774.5 763.2 7746 11.3 114
2,3,3,4TMS5 860.6 855.0 861.1 5.6 6.1
10 1000.2 10800 —0.2
2.M9 964.5 9639 ~0.6
3-M9 975.8 969.6 —6.2
4-M9 968.6 960.0 —8.6
5-M9 957.6 957.4 —102
3-ET8 976.6 964.0 —12.6
4-ET8 - 967.2 951.5 —15.7
2,2-DM38 918.6 3145 —3.7
2,3-DM8 954.0 952.1 —19
2,4-DMS8 930.8 9158 —15.0
2,5-DMS8 932.3 921.8 —10.5
2,6-DMs8 933.0 931.5 —1.5
2,7-DMS 928.8 928.5 —0.3
3,3-DMS8 941.4 93290 —-11.2
3,4-DMS8 249.0 935.0 —13.0

{ Continued or: p. 176)
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TABLE I {continued)

Alkane Kovdts indices on squalans at 60° Pifference

Exptl. Calc. Expti, I,— I, F — 1,

{ Rijks) (correlation) { Matukuma)

(a} (b) (c)
3.5-DMS§ 941.2 921.8* —194
3,6-DM8 948.1 929.0* —19.1
4,4-DM8 933.3 918.0 —153
4,5-DMS8 953.9 943.1~ —10.8
4-IPR7 935.5 925.0 —10.5
2-M-3-ET7 947.6 941.0 —6.6
2-M-4-ET7 923.2 9074 —158
2-2-5-ET7 936.8 924.8 —120
3-M-3-ET7 954.0 953.0 —10
3-M-4-ET7 948.7 935.7* —130
4-M-3-ET7 955.3 940.5 —14.8
4-M4-ET7 9477 937.6 —10.1
2,2,3-TM7 9238 9144 —94
2,2,4-TM7 887.2 875.7 —11.5
2,2,5-TM7 885.4 878.1 —7.3
2,2,6-TM7 870.2 873.0 2.8
2,3,3-TM7 935.6 931.7 —3.9
2,3,4-TM7 936.9 933.4° —3.5
2,3,5-TM7 925.1 912.9* —12.2
2.3,6-TM7 809.7 919.0 +8.9
2.4,4-TM7 903.7 889.4 —14.3
2,4,5-TM7 920.6 906.7 —139
2,4,6-TM7 886.0 870.1 —159
2,5,5-TM7 897.2 891.7 —5.5
3,3,4TM7 943 4 936.6 R —6.8
3,3,5-TM7 915.6 907.7 —-17.9
3,4,4-TM7 948.2 932.2 —16.0
3,4,5-TM7 949.0 Q450" —4.0
2-M-3-IPR6 9174 915.5 —1.9
3,3-DET6 958.3 934.1 —4,2
3,4-DET6 947.8 945.8 —2.0
2,2.DM-3-ET6 9149 9021 —12.8
2,2-DM-4-ET6 882.3 881.3 —1.0
2,3-DM-3-ET6 948.5 249.4 0.9
2,3-DM-4-ET6 935.0 930.6 —44
2,4-DM-3-ET6 930.6 929.8* —0.8
2,4-DM-4-ET6 920.7 920.7 0.0
2,5-DM-3-ET6 905.6 861.4 142
3,3-DM-4-ET6 947.3 937.8 —2.5
3,4-DM-3-ET6 $61.8 964.6 3.0
2,2,3,3-TM6 933.1 928.8 —4.3
2,2,3,4-TM6 918.2 908.8* —9.4
2,2,3,5-TM6 881.1 8733 —7.8
2,2.4,4-TM6 875.0 888.6 13.6
2,2,4,5-TM6 866.6 872.1 5.5
2,2,5,5-TM6 81i.9 8202 8.3
2,3,3,4-TM6 952.0 949.1 —29

2,3,3,5-TM6 908.0 903.3 - —4.7
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TABLE [ (continzed)
Alkane KRovdts indices on squalane at 60° Bifference

Expsl. Calc. Exprl. i, -5 I.— I,

( Rijks) {correlation) { Matukuma)

(a) (b} (c)
2,3,4,4TM6 937.4 935.0 —2.4
2,3,4,5-TMi6 . 922.2 g923.1" 0.9
3,3.4,4-TM6 965.5 983.7 18.2
2,4-DM-3-IPRS 904.6 915.1 10.5
2,2,3-TM-3-ETS5 958.2 965.7 7.5
2,2,4-TM-3-ET5 2113 - 203.9 —7.4
2,3,4-TM-3-ET>5 954.6 969.4 148
2,2,3,3,4-PMS 951.3 9534 2.1
2,2,3,4,4-PM>5 911.0 921.7 10.7
i1 11014 1100.0 —1.4

* An average value is given for the two diastereoisomeric compounds analyzed by Matukuma.

The predictions based on the correlation are compared to Matukuma’s ex-
perimental values?* on squalane at 60° for alkanes with nine or ten carbon atoms. For
the set of compounds having nine and ten carbon atoms the average deviation be-
tween the experimental and the calculated values is 7.0 LU, i.e. ca. 0.89. The maxi-
mum deviations are less than 29,

The above example shows that, contrary to other methods requiring a ca.
ten-fold larger number of structural parametersi*, the behaviour of any alkane can be
predicted with a limited number of parameters. The number of parameters can be
modulated either by re-grouping, or by not re-grouping, fairly equivalent topological
sites. By using a 23-parameter correlation (obtained by not re-grouping topological
sites in the first environment, E}) instead of an 18-parameter correlation, the struc-
tural variable better reflects the molecular behaviour. The precision is also greater.
The average deviation between Rijks’ experimental value and the calculated value
decreases to 2.7 1.U. and the standard deviation decreases to 3.3 I.U. For the partic-
ularly hindered 2,2-dimethyl-3-ethylpentane, the absolute deviation decreases from
12 to 6 L.U,, i.e., the relative deviation decreases from 1.5 to 0.7 %. However, when
establishing the retention-structure correlation, one should seek an optimum be-
tween the number of parameters, related to a minimal number of necessary data, and
the desired precision in the predictions.

Prediction of the influence of stationary phase variation

Rijks also determined the Kovdts indices of about 70 alkenes on squalane
(SQ) and acetyltributyl citrate (CIT) at 50°. We shall show that these data can be used
to predict the influence of a variation in the stationary phase on the behaviour of a
population of compounds, and that these same data verify our predictions, thereby
stressing the precision of our approach.

This population of alkenes covers a structural ficld characterized by the dum-
- my target compound associated to the population (Fig. 1). This dummy target com-
pound is obtained by superposing the characteristic graph of each alkene in the popula-
tion. In order to characterize the bebaviour of a2 population of compounds while
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minimizing the number of experimental data required, it suffices to choose wisely the
compotinds and introduce progressively each topological site into the ELCQO according
to the notion of a key population in the BARC/PELCO (Peturbation of an ELCO)

strategy?s.

1
B

-

®
@
e

~ ,/’
e =C —@

Fig. 1. The dummy target compound associated to the alkene population analyzed by Rijks. Thais
trace is compounded from the sum of the environments (ELCO) of the condensed graph of every
alkzne.

-_-_\- AN

Thus, from the 29 indices of alkenes on CIT at 50° shown in Table II, we have
established a 22-parameter topology—information correlation according to pathway
(1) in Scheme 2. This correlation allows us to predict the behaviour of about 70 alkenes

EXPERIMENTAL 1 PREDICTION FIELD
INFORMATION Topology-Information
Correlation
29 indices (22 parameters) -~ 70 indices
of alkenes of alkenes
on CIT at 50°C on CIT at 50°C

Correlation
(45 parameters)

2 3

Correlation
on 29 AI
(22 parameters)

BASIC INFORMATION

70 indices of alkenes
on squalane at 50°C

Scheme 2. Possible pathwafs for predicting the behaviour of at least 70 alkenes on acetyltributyl
citrate (CIT) with.a minimum of experimental values (29). Pathway (3] offets the greatest precision.
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TABEEN
PREDICTION OF KOVATS INDICES OF ALKENES AT 50° ON ACETYLTRIBUTYL

CITRATE (CIT) (b)) BY USING A LARGE AMOUNT OF BASIC INFORMATION ON
SQUALANE" AND A MINIMUM OF EXPERIMENTAL INFORMATION ON CIT (2)

Examples of names of alkenes: 1.6 = l-hexene; ¢-3,4,4TM-2.5 = czs~3 4, 4—tnmethyl~2-penteae H
t-3-M-3.6 = frans-3-methyl-3-hexene.

Average deviation = 0.9 LU, f.e., ca. 0.1%.

Standard deviation = 2.4 LU,

Alkere . Kovdis indices ont acetyltri- Difference
: butyl citrate at 50° {c} — (b)

Used Calc. Exprl.
(a) (b) (c)

c-2.4 454.2 454.5 0.3

t-2.4 441.5 440.9 —0.6
1.5 515.5 516.2 515.5 —0.7
c-2.5 5422 541.9 542.2 0.3
2.5 535.1 534.6 535.1 0.5
3-M-1.4

2-M-14 525.2 525.3 5252 —0.1
2-M-2.4 551.7 551.5 —-0.2
16 616.9 616.5 616.9 0.4
c-2.6 640.2 640.1 —0.1
t-2.6 631.1 6304 —0.7
c-3.6 627.9 627.2 —0.7
t-3.6 625.0 625.0 6250 0.0
2-M-1.5 617.0 616.7 —0.3
3-M-1.5 5833 582.1 —1.2
4-M-1.5 581.4 581.4 581.7 0.3
2-M-2.5 633.5 634.5 i.0
c-3-M-2.5 642.2 640.0 —2.2
t-3-M-2.5 . 64938 649.4 —04
c-4-M-2.5 580.7 589.1 —1.6
-4-M-2.5 554.0 593.5 —0.5
2-ET-1.4 628.0 627.8 628.0 0.2
2,3-DM-1.4 593.7 593.6 593.7 0.1
2,3-DM-2.4 663.4 663.8 663.4 -0.4
3,3-DM-1.4 536.7 5374 536.7 —0.7
1.7 717.2 716.7 717.2 0.5
t-2.7 7324 732.1 —03
c-3.7 725.2 7247 —0.5
t-3.7 7200 719.3 —0.7
2-M-1.6 714.8 7153 0.5
3-M-1.6 676.5 675.6 —0.9
4-M-1.6 69G.1 621.2 1.1
5-M-1.6 685.1 685.1 685.1 0.0
2-M-2.6 . 7254 727.2 1.8
c4-M-26 '689.1 686.5 = 25
-4-M-2.6 688.4 684.2 —4.2
t-5-M-2.6 ) 6916

=2-M-3.6 : &§71.5 676.& —0.7
c-3-M-3.6 7223 7264 4.1
t-3-M-36 726.6 720.7 —59

(Continued on p. 180}
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TABLE X (conrinued)

Alkene Kovdts indices on acetyitri- Difference
butyl citrate at 50° (c) —(b)

Used Cale. Exptl.
{a) (b) (c)

2-ET-1.5 717.2 716.7 —0.6
3-ET-1.5 676.0 675.8 676.0 0.2
3-ET-2.5 732.8 733.4 0.6
2,3-DM-1.5 684.8 684.2 —0.6
2,4-DM-1.5 672.5 671.9 —0.6
3,4-DM-1.5 667.1 666.8 667.1 0.3
2,3-DM-2.5 741.8 741.4 —0.4
2,4DM-2.5 671.3 674.8 3.5
c-3,4-DM-2.5 707.6 713.0 54
t-3,4-DM-2.5 7129 712.9 0.0
2-ET-3-M-1.4 692.3 692.5 692.3 —0.2
3,3-DM-1.5 656.4 636.0 —0.4
4,4-DM-1.5 634.8 634.3 634.8 0.5
c-4,4-DM-2.5 668.2 668.0 —0.2
t-2,2-DM-3.6 7215 720.7 —0.7
c-3-M-2.6 7323 7294 —2.9
t-2,5-DM-3.6 720.6 720.6 720.6 0.0
2,4,4-TM-1.5 736.0 736.5 736.0 —0.5
2,4,4-TM-2.5 746.0 749.7 3.5
¢-2,2-DM-3.6 7478 746.9 —0.9
2,3,3-TM-1.5 768.3 767.3 768.3 1.0
2-M-3-ET-1.5 766.2 7664 766.2 —0.2
2,3-DM-1.6 773.2 773.6 7732 —0.4
t-2-M-3.7 7694 770.1 765.4 0.3
¢-3,4,4-TM-2.5 782.0 7823 782.0 —0.3
2,5-DM-2.6 783.8 783.8 783.8 0.0
2,34-TM-2.5 802.2 801.8 802.2 0.4
1.8 816.8 816.8 816.8 0.0
t-4.8 814.3 814.6 814.3 —0.3
2,3-DM-2.6 826.8 825.9 —0.2
t-2.8 831.9 832.4 831.9 —0.5

* These alkene indices on squalane at 50° (from Rijks) are given in Table IIL.

on CIT at 50°. For the compounds used to establish this correlation, the following
values apply: correlation coefficient R = 0.999; Exner’s yp test = 0.06; standard
deviation = 4.8 1.U.; average deviation = 3.6 L.U. For the entire set of estimated
compounds, the average deviation = 8.8 LU, i.e. ca. 1.4%,.

In order to increase the precision of the predictions while using the same num-
ber of experimental data on CIT, we can exploit the basic information (Scheme 2)
corresponding to the behaviour of the same alkene population on squalane. This
can be done through pathway (2) or (3).

Pathway (2) entails a 45-parameter topologv-information correlation re-
grouping the basic and the experimeatal information used. However, the resufts ob-
tained in this manner are not much better than those obtained through pathway (1).
Indeed, the stationary phase variation characterized by the Kovits index increments
4I [J(CIT, 50°) — I(SQ, 50°)] represents oaly 5%, of the basic information. Thus, in
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comparison to the v1rtual£y ideal behaviour of a!kenes on squalane, this vanatxon is

only a second-order one.
* So that the errors introduced by the computer processing of the basic informa-

tion when establishing the topology-information correlation do not partially shadow
the structural infiuence on 47, we have cnvisaged pathway (3). This pathway represents
the establishment of a 22-parameter correlation (R = 0.99, v = 0.2, average devia-
tion = 0.3 1.U,, standard deviation = (.4 1.1J.) of the Kovdts index increments for
the 29 key population alkenes. The Af estimated on the basis of this correlation are
automatically added to the already available “basic information’ obtained on squalane
and give the calculated values of the Kovits indices for the ““prediction field™, i.e.,
for alkenes on CET at 50°. The results are given in Table II. The average deviation for
the sei of Kovdts indices is 0.9 LU, i.e, ca. 0.1 %; the relative maximum deviation
is << 1% and the standard deviation = 2.4 L.U.

Although pathways (1) and (3) have the same number of correlation parameters
and use the same number of data on CIT at 50°, the prediction of the resulis obtained
with pathway (3) is about 10 times greater than with pathway (1). This stresses the
interest that lies in using to the utmost advantage already known data for a structural
population before trying to predict new data.

Prediction of the influence of variations in the stationary phase and temperature

The same porulation of about 70 alkenes studied by Rijks at 50° on squalane
and acetyliributyl citrate was also studied by him at 70°. We shall show how the be-
haviour of these same alkenes on CIT at 70° can be predicted on the basis of their
known behaviour on SQ at 59° (Scheme 3).

If, in accordance with their size, we qualify the Kovdts index increments, A7,
as second-order variations, then the variations of the indices with temperature, 61/6T,
are third-order variations. The latter data can also be used in establishing topology—
information correlations, despite statistical criteria of average quality.

A topology-information correlation is established with the Kovdts index
increments, A\ I’, corresponding to the difference between new chromatographic
conditions (SP, and T3) and already known chromatographic conditions (SP, and
T,) for the 29 compounds shown in Table IIl. Thus:

Al' =I(SP,, T,) — I(SP,, T)
= I'(CIT, 70°) — I (SQ, 50°)
= Al + 20 o61jéT

Then the AI" are estimated for all of the compounds in Table I and added to the
corresponding Kovdis indices obtained on squalane at 50°, thus yielding the Kovdts
indices on CIT at 70°. When these calculated values are compared with Rijks’ ex-
perimental values [J (CIT, 70°)], the average deviation for this set of compounds is
1.1 LU, ie., ca. 0.15%, the maximum deviation is < 0.8, and the standard devia-
tioa = 3.0 LU.

Prediction of the influence of the functional group : exploitation of the isofapology factor
The preceding three paragraphs deal with the interpolation and extrapolation
of data pertaining to the behaviour of compounds with the same structural popula-
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EASIC INFORMATION i PREDICTION FIELD
71 alkene indices 7 71 alkene indices
on squalane at 50°C om CIT at 70°C
(SPI’ T!) (SPZ, ‘1‘2)
EXPERIMENTAL
INFORMATION

29 alkene indices
on

CIT at 70°C

Topology-Information
Correlation
with 29 AT’/

(22 parameters)

Scheme 3. Prediction of the behaviour of alkenes under new chromatcgraphic conditions (SP-. and
T-) from aiready known conditions (SP; and T3}.

tion. We shall now demonstrate how complementary daia between structurally
different populations can be exploited for more general problems such as how the
chromatographic behaviour of alkanes can be used in predicting the behaviour of
alkenes, and how the chromatographic behaviour of alkenes can be used in predicting
the behaviour of dibromoalkanes.

We have used the isotopology factor, =/, which is a generalization of Schom-
burg’s homomorphisra factor®®:

= Isubstanc: - Ilsoxopologous compound

The substance and the isotopologous compound have the same ELCO. The only
difference lies either in the nature of the focus (FO) or in the chromaticity of certain
topological sites.

In both of the above-mentioned cases the procedure for treating the isotopo-
logical factors is the same. A 22-parameter correlation is established on the basis of
the 77 factors corresponding to each of the compounds: the alkenes in Table IV and
the dibromoalkanes in Table V. Then the values of =7 are estimated from this corre-
lation and zdded to the Kovdts indices of their corresponding isotopologous com-
pounds. -

In the first case, both the aikenes and the alkanes were studied on squalane
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TABLE I

PREDICTION OF 71 KOVATS INDICES OF ALKENES ON ACETYLTRLBUTYL CITRATE
(CIT) AT 70°

Basic information on squalane (SQ) at 50° and a2 minimum of experimental information on CIT at
70° were used, with the aid of a corn:latxon of topology-information established on 47" =

[ {CIT, 70°) — 7 (8Q. 50°)L.
Average deviation = 1.1 LU, ie. ca. §.15%,. Standard devnauon = 3.0LU.

Alkene Kovdts indices Loz, — Zeate.
S0, CIT, 70°
50°
Used Cale. Expzl.

c-2.4 416.9 453.7 4543 0.6
-2.4 406.6 440.6 440.3 —0.3
1.5 481.8 5156 517.3 515.6 —1.7
c-2.5 504.9 542.0 541.4 5420 0.5
t-2.5 500.0 534.3 533.7 534.3 0.6
3-M-14 450.3 483.0

2-M-1.4 488.0 5249 525.1 5249 —0.2
2-M-2.4 514.3 551.2 551.2 0.0
1.6 582.3 617.1 616.7 617.1 0.4
c-2.6 603.6 641.2 640.2 —1.0
2.6 596.9 631.8 629.8 —2.0
c-3.6 592.6 627.2 627.4 0.2
t-3.6 592.1 6240 6240 624.0 0.0
2-M-1.5 580.1 6184 68167 —1.7
3-M-1.5 551.4 585.2 583.4 —1.8
4-M-1.5 549.4 582.0 5827 582.0 —0.7
2-M-2.5 597.8 6329 633.7 0.8
c-3-M-2.5 602.8 6420 640.1 —1.9
t-3-M-25 612.7 6492 649.2 00
c-4-M-2.5 556.2 : 591.0 589.1 —1.9
t-4-M-2.5 561.9 593.9 5927 —1.2
2-ET-14 5920 627.9 627.6 627.9 03
2,3-DM-1.4 558.8 594.3 594.3 594.3 00
2.3-DM-2.4 625.1 663.4 663.4 663.4 0.0
3,3-DM-1.4 506.8 5374 538.4 537.4 —1.0
1.7 68i.8 717.3 716.7 7173 0.6
t-2.7 698.4 7322 731.7 —0.5
c-3.7 690.4 726.2 7249 —1.3
t-3.7 G87.5 7205 718.6 —1.9
2-M-1.6 678.1 715.3 7153 0.0
3-M-1.6 644.7 677.4 676.6 —0.8
4-M-1.6 657.9 690.1 692.2 2.1
5-M-1.6 - 650.0 €85.5 G685.5 685.5 0.0
2-M-2.6 691.2 7237 726.7 30
c-4-M-2.6 654.9 €90.8 687.4 —3.4
-4-M-2.6 656.7 689.9 ‘687.1 —2.8
t-5-M-2.6 659.5 692.2

t-2-M-3.6 6471 677.3 675.7 —1.6
c-3-M-3.6 684.6 ~722.1 725.7 3.6
t-3-M-3.6 691.2 7259 720.5 —5.4
2-ET-1.5 - 681.8 | 718.% 716.7 —1.8

( Continued ont p. 184}
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TABLE T {continued)
Alkene Kovdts indices Loy, — Lo,

SO, CIT, 70°

50°

Used Calc. Exptl, .

3-ET-1.5 646.9 ©677.8 677.7 677.8 0.1
3-ET-2.5 697.2 732.1 733.4 1.2
2.3-DM-1.5 650.4 687.0 685.7 —1.3
24-DM-15 637.7 6738
3,4-DM-1.5 636.9 669.2 668.5 669.2 0.7
2,3-DM-2.5 7034 7414 7418 0.4
2.4-DM-2.5 640.6 665.8 673.5 —3.7
c-3,4DM-2.5 670.6 708.3 713.0 4.7
t-3,4-DM-2.5 678.3 713.2 7129 —0.3
2-ET-3-M-1.4 656.1 692.7 693.0 692.7 —03
3,3-DM-1.5 626.2 659.0 658.1 —0.9
4 4-DM-1.5 604.6 636.4 636.1 635.4 —0.3
c-4,4-DM-2.5 635.5 669.3 669.7 04
t-2,2-DM-3.6 692.8 7220 7195 —2.5
c-3-M-2.6 693.3 733.7 729.8 -39
t-2,5-DM-3.6 695.1 719.5 719.5 719.5 0.0
2.44TM-1.5 704.3 738.3 738.6 738.3 —0.3
244TM-25 7154 744.6 749.9 53
c-2,2-DM-3.6 716.8 748.8 748.6 —0.2
2.3,3-TM-1.5 7346 7720 770.3 7720 1.7
2-M-3-ET-1.5 735.0 768.5 768.6 768.5 —0.1
2,3-DM-1.6 739.3 774.5 774.9 7745 —0.4
t-2-M-3.7 741.1 768.8 768.8 768.8 0.0
c-3,4,4-TM-2.5 747.1 783.1 783.7 783.1 —0.6
2.5-DM-2.6 749.9 783.7 783.7 783.7 0.0
2.3,4-TM-2.5 7639 802.2 802.2 802.2 0.0
18 781.2 817.0 817.0 817.0 0.0
t-4.8 783.6 814.1 814.1 814.1 0.0
2,3-DM-2.6 788.8 827.9 826.4 —1.5
t-2.8 797.7 8314 832.0 831.4 —0.6

at 50°. The isotopology factors of the Kovdts indices are determined from the Kovits
indices of 28 isotopologous alkanes. The Kovidtsindex must be measured experimental-
1y for 23 of them, as those of the remaining $ reference n-alkanes are, by definition,
already known. When the calcunlated values are compared with the experimental
values obtained by Rijks (Table 1V), the average deviation = 3.1 LU, ie., ca. 0.5%,
and the standard deviation = 4.0 LU.

We wish to stress the prediction potential and the precision afforded by such
an approach. The number of =7 data can be minimized to, let us say, the 2% compounds
of the key population of alkenes in order to establish a topology-information corre-
lation, labelled A. From correlation A, we are able to predict the behaviour of > 70
alkenes. For the purpose of comparison we can establish another correlation, labelled
B, by a direct exploitation of the Kovéts indices for the same 29 key-population zlkene
compounds without resorting to the complementary information contributed by the
isotopologous alkanes, i.e., by the same procedure indicated in pathway (1) in

- Scheme 2. The precision of our predictions is cleariy better when using correlation A
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TABEE :V

185

CALCULATION OF KOVATS INDICES FOR -ALKENES FROM INDICES OF ISO-
TOPOLOGICAL ALKANES ON SQUALANE AT 50°

A topology-information correlation on tF was used (tf = Ljgene — fisotopoteguas atkanc)

Average deviaticn = 3.1 L.U., i.e. ca. 0.5%,. Standard deviation = 4.0 L.U.

Alkene £7 4 (S0, 30°) Bifference,
Exptl. — calc.
Cale. Expsl.
c-24 16,9 415.3 416.9 1.6
t-2.4 8.6 4159 406.6 —9.3
1.5 —18.2 484.9 481.8 —3.1
c-2.5 4.9 502.4 5049 25
2.5 0.0 503.1 500.0 —3.1
3-M-14 —25.0 447.2 450.3 3.1
2-M-1.4 12.7 485.7 488.0 23
2-M-2.4 3%.0 516.5 5143 2.2
1.6 -—17.7 580.5 582.3 —1.8
c-2.6 3.6 597.8 603.6 5.8
t-2.6 —3.1 5984 596.9 —1.5
c-3.6 —7.4 592.6 592.6 0.0
t-3.6 —179 5933 592.1 —12
2-M-1.5 10.4 575.4 580.1 4.7
3-M-1.5 —32.8 5514 551.4 0.0
4-M-1.5 —20.3 552.0 549.4 —2.6
2-M-25 28.1 596.6 597.8 1.2
c-3-M-2.5 18.6 607.3 602.8 —4.5
t-3-M-2.5 28.5 608.1 612.7 4.6
c-4-M-2.5 —13.5 554.5 556.2 1.7
-4-M-2.5 —7.8 555.1 561.9 6.8
2-ET-1.4 7.8 587.3 592.0 47
2,3-DM-1.4 —8.5 559.¢ 558.8 —1.1
2,3-DM-24 57.8 613.3 625.1 11.8
3,3-DM-1.4 —30.0 508.7 506.8 —19
1.7 —18.2 683.0 681.8 —1.2
t-2.7 —16 697.6 698.4 0.8
c-3.7 —9.6 687.9 690.4 25
3.7 —12.5 688.5 687.5 —1.0
2-M-1.6 11.5 671.5 78.1 6.6
3-M-1.6 ~31.5 642.6 6447 21
4-M-1.6 —183 657.8 6579 0.1
5-M-1.6 —16.6 650.0 650.0 0.0
2-M-2.6 24.6 691.3 6912 —0.1
c-4-M-2.6 —21.3 656.2 654.9 —13
t-4-M-2.6 —19.5 656.9 656.7 —0.2
t-5-M-2.6 —7.1 662.4 659.5 —~2.9
t-2-M-3.6 —195 642.2 647.1 4.9
c-3-M-3.6 8.4 689.5 684.6 —49
t-3-M-3.6 15.0 €90.3 691.2 Q.9
2-ET-1.5 z.5 674.6 681.8 7.2
3-ET-1.5 —39.1 642.9 646.9 4.0
3-ET-2.5 112 702.5 697.2 —-53
—21.3 659.6 650.4 —9.2

2,3-DM-1.5

{Continued en p. 185 )
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TABLE 1V (conzinued)

Alkene 174 ({80, 50°) Difference,
; - Exptl. — caic.
Cale. Expil. -
2,4-DM-1.5 7.9 632.9 637.7 4.8
3,4-DM-1.5 —34.8 636.3 636.9 0.6
2,3-DM-2.5 31.7 7048 T03.4 —1.4
2,4-DM-2.5 10.8 644.2 640.6 —3.6
c-3,4-DM-2.5 —1.1 677.1 670.6 —6.5
t-3,4-DM-2.5 6.6 677.2 678.3 0.4
2-ET-3-M-1.4 —12.6 657.0 659.1 2.1
3,3-DM-1.5 —327 626.2 626.2 0.0
4,4-DM-1.5 —210 6119 604.6 —7.3
t-4,4-DM-2.5 —10.9 611.1 614.7 is
2,3,3-TM-14 —112 6324 628.5 —3.9
t-2,2-DM-3.6 —-26.6 695.0 692.8 —22
c-3-M-2.6 17.1 694.6 693.3 —1.3
t-2,5-DM-3.6 —333 601.5 695.1 3.6
2,4,4-TM-1.5 144 697.0 704.3 7.3
2,4,4-TM-2.5 25.5 7154 7154 0.0
2-M-3-ET-1.5 —26.4 739.0 735.0 —4.0
2,3-DM-1.6 —20.8 747.2 739.3 -~7.9
t-Z-M-3.7 —238 7383 741.1 2.8
c-3,4,4-TM-2.5 10.0 742.6 747.1 4.5
2,5-DM-2.6 21.5 749.9 749.9 0.0
2,3,4-TM-2.5 135 767.8 765.9 —1.9
2-M-3-ET-2.5 17.6 787.1 778.4 —8.7
1.8 —18.8 781.2 781.2 0.0
t-4.8 —16.4 786.3 783.6 —2.7
2,3-DM-2.6 28.7 788.5 788.8 0.3
t-2.8 —2.3 796.5 7977 i.2

than when using correlation B: with A, the average deviation is about hailf of that
obtained with B (4.9 compared with 8.8 1.U.) and the standard deviation with A is
ore third of that obtained with B.

However, practical reasons might dictate the choice of the isotopologous series
(e.g., filiation in organic synthesis). This can lead to molecules having very different
“polarities™, as shown in Table V. The behaviour of isomeric and diastereoisomeric
dibromoalkanes is calculated from the behaviour of the alkenes that were brominated.
The alkene indices, J, were determined on squalane at 50° 22-23 and ultimately com-
plzted by other values®. The dibromoalkane indices, J, were determined on squalane
at 100° with the bromoalkanes serving as the reference series?’. Although index J is
about 316 1.U. less than index 7, we shall use these unstandardized data in order to
demonstrate that the same methodology is still valid. The correlation coefficient R =
0.99 and p = 0.15 with the correlation established on the basis of the isotopology
factors considered in this example. The average deviation beiween the calculated and
experimental values of J is 2.6 1.U., and the standard deviation = 3.6 LU.

The interest in exploiting the isotopology factor lies not only in the fact that the
precision of the predictions is better, but also that there are numerous ¢xtrapolation
possibilities. Indeed, the isotopologous compound accounts for a large part of the
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TABILEV
CALCULATION OF KOVATS INDICES OF DIB'-‘{OM.OALKANES A'I' 109° FROM KOVATS
INDICES OF ALKENES AT 50°

Stzticoary phase, squalane. ©f = fDB, 5Q, 160° — fa:ten:, sQ, 59 )
Average deviation = 2.6 1.U. Standard deviation = 3.6 LU.

Isotopologous Dibromoalkane™ T Ins Difference,
alkene - exptl. — cale.
Cale. Exptl,
1.2 1,2-DB2 289.0 473.7 473.7 0.0
i.3 1,2-DB3 238.0 527.2 5270 - —0.2
14 1,2-DR4 234.0 631.3 627.1 —42 -
1.5 1,2-DBS5 231.2 708.2 7126 4.4
1.6 i,2-DBS 224.7 801.8 807.5 57
1.7 1,2-DB7 220.2 897.9 902.4 4.5
3-M-1.4 1,2.DB-3M4 2517 703.1 702.2 —90
3-ET-1.5 1,2-DB-3ET5 2221 869.0 869.0 [1X1]
3,3-DM-1.4 1,2-DB-3,3DM4 276.2 791.8 782.8 —0.9
4-M-1.5 1,2-DB-4M5 211.6 761.5 761.5 0.0
4,4-DM-1.5 1,2-DB-4,4-DMS 2144 8193 819.3 0.0
2-M-1.3 1,2-DB-2M3 190.0 577.3 572.5 —43
2-M-1.4 1.2-DB-2M4 191.0 682.8 675.1 —3.7
2-ET-1.4 1,2-DB-2ET4 192.0 783.5 783.5 0.0
2,3-DM-1.4 1,2-DB-2,3DM4 210.2 768.3 769.3 1.0
2,3,3-TM-1.4 1,2-DB-2,3,3TM4 249.5 870.6 877.6 7.7
c-2.4 (7) 2,3-DB4 193.1 607.7 610.4 2.7
t-2.4 (E) 2,3-DB4 189.4 593.7 596.2 25
c-3.6 (T) 3,4-DB6 1914 781.2 783.7 1.6
t-3.6 (E) 3,4-DB6 187.9 778.8 780.4 1.6
c-4.8 (1) 4,5-DB8 161.8 948.8 48.3 —0.3
i-4.8 {E) 4,5-DBS8 159.4 9422 9428 0.6
c-2,5-DM-3.6 (T) 3,4-DB-2,5DM6 218.0 9119 919.1 7.2
t-2.5-DM-3.6 (E) 3,4-DB-2,5DM6 280.0 903.2 896.9 —7.2
c-2.5 (T) 2,3-DB5 192.1 695.5 657.2 1.7
t-2.5 (E) 2,3-DBS 190.0 686.7 689.8 3.1
c-2.6 (T) 2,3-DB6 1774 782.3 780.7 —1.6
t-2.6 (E) 2,3-DB6 176.1 772.0 772.6 0.6
c-2.7 (™ 2,3-DB7 165.6 878.1 872.5 —5.6
t-2.7 {E) 2,3-DB7 167.6 866.4 866.3 —0.1
c-2.8 (T) 2,3-DB8 165.5 970.7 968.3 —2.4
t-2.8 (E) 2,3-DBES8 162.3 962.4 960.4 —2.0
c-3.7 (T) 3,4-DB7 175.6 868.8 866.0 —2.8
t-3.7 (E) 3,4-DB7 174.5 862.3 861.9 —04
t-4-M-2.5 (E) 2,3-DB-4M5 193.1 763.3 755.2 —8.1
t-4,4-DM-2.5 E) 2,3-DB4,4-DM5 2353 848.5 849.9 1.4

* DB = dibromo; diastereoisomers, (E) = erythro and () = threo.

data. The further away we move from the focus, the weaker the influence of the iso-
topology factor, and the weaker its contribution as we move beyond the first layer sites
of the second environment {(i.e., beyond layer A of EJ).
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CONCLUSION

We have shown through a series of examples that different sets of Kovdts
indices, whether cobtained for the same population of compounds by 2 variation in
chromatographic conditions, or obtained for different populations of compounds
uader the same chromatographic conditions, or obtained for different populations of
compounds under different chromatographic conditions, can be rendered coherent by
using the methodology of the DARC topological system.

The overlapping of sets of Kovits indices of differ :nt crigins increases the in-
formation content of each sei and facilitates the interpolation and extrapolation
possibiiities. Thus, for example, the large amount of data on hydrocarbon analysis
can be exploited in order to increase the prediction potential of experimental data
relative to populations of alkyl-substituted compounds. :

The interest in experimentally determining a new set of Kovits indices does
not lie in the number of compounds studied, but rather in the nature and extent of the
structural pattern covered by the compound population. The topology-information
correlations established according to the principles of the DARC/PELCO strategy
show the interest that lies in experimentally determining further sets of Kovits
irdices on the basis of 2 minimum number of compounds. This strategy avoids the
introduction of redundant data and the presence of gaps in a structural space which
would normally arise from the experimental study of lists of commercial compounds.

Rohrschneider?®-?° and McReynolds®®, as well as the resulting recent exploita-
tions of Kovdts indices by factorial analysis®-** or numerical taxonomy>*-34, chiefly
stress stationary phase behaviour. This topological analysis, however, stresses solute
behaviour. By thermodynamically exploiting the values attributed to the parameters
of the topclogy-information correlations, established on the basis of the Kovits
indices or from their derived data (47 and <7), the behaviour of the solutes can be
analyzed virtually at the level of each molecular atom3%-35,

Our prediction and physico-chemical studies are currently aimed at the pro-
cessing of retention data in gas and liquid chromatography. It should be stressed that
tkese two aims are complementary, and that establishing a prediction system without
a physico-chemical support is not to be recommended.
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