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SUMMARY

A chromatographic polarity parameter. / — b&-MR, has been calculated.
where / is a gas-liquid chromatographic retention index, MR is the molar refractivity
of the compound analysed and b is the stationary phase polarizability coefficient. To
determine b, retention data are obtained on two phases of different polarities. The
polarity parameter has been shown to correlate well with quantum chemically calcu-
lated dipole moments in the case of phenols without space-consuming substituents.

INTRODUCTION

During the past decade chromatography has become a powerful tool for the
determination of molecular structural data employed in studies of quantitative struc-
ture—activity relationships (QSARs)'2.

To apply the linear free energy relationship based on Hansch's approach in
QSAR, guantitative data are required concerning partitioning, electronic and steric
characteristics of the compounds considered. Of the so-called electronic data. the
most commonly used are individual Hammett’s substituent constants (or their vari-
ous modifications), dipole moments, pK, values, spectroscopic data and quantum
chemical parameters. The capacity of a drug for dipole-dipole interaction with the
biological receptor is often assumed to be of importance for its bioactivity. As de-
terminations of dipole moments are rather tedious there is a need to develop a con-
venient method for evaluation of dipole moments or a quantity related to them. The
recently reported? gas chromatographic (GC) polarity parameters are used here with
substituted phenols. The polarity parameters are compared to dipole moments calcu-
lated by a quantum chemical method.
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THEORETICAL

Gas-liquid chromatographic GLC retention indices of fatty acid methyl esters®
on SE-30 and SILAR 5 CP stationary phases are related by the empirical equation

I = KP'V -+ KZZ + K3 (l)

where N i1s a parameter related to the moelecular polarity of the-solutes. y (connec-
tivity index*-¥) characterizes the ability of the solutes to undergo dispersive interac-
tions with stationary phases and K,—K; are constants. The-dispersion effect is ex-
pected to be important even in the interactions between ifolecules with large dipole
moments. - -

The connectivity index, z. is a convenient parameter for the characterization of
molecular polarizability. It is easily calculated for hydrocarbons and organic com-
pounds containing nitrogen and oxveen. However. in the case of other atoms, e.g..
halogens. y values arc uncertain and generally the molecular refractivity, MR seems
to be the more reliable parameter for the description of molecular polarizability.
Thus. our starting relation has the form

I =au® + h-MR + ¢ (2)
where a can be considered as a measure of the stationary phase polazity and b as a
measure of its polarizability. The equation is similar to that recently proposed by
Gassiot-Matas and Firpo-Pamies®. Rearranging eqn. 2 one gets:

I — b-MR = ap® + ¢ 3)
Thus. if eqn. 2 holds. the quantity / — /- MR should be linearly related to p* and
describe the polarity of the solute. The molecular refractivity. MR, can easily be
calculated for any given molecule as a sum of substituent” or bond® refractivities.
Thus. if the retention indices can be determined and the value of & 1s known, we have
a convenient. quantitative measure for the polarity of the solutes.

The constant b is calculated as follows. If one has retention indices for any
given compound on two phases of different polarity then one can write

Iy = a,p* + b,-MR + ¢, (4)

Ly = axpt® + by-MR + (3)

where /, and /., are retention indices on polar and non-polar phases. respectively.
Taking p° from eqn. 5

> = (Iyp — b2-MR — )4, (6)
eqn. 4 can be rewritten as:

I, = a, (Iyp — b,-MR — ¢3)as + by - MR + ¢, (7N
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After rearrangement one gets

1"22_1'1‘“’_(0_1‘1’2 -b,) MR + K, (8)

2 2

or

!p = klll\l’ b kz'MR + k3 (9)

where &,—k; are constants. These can be determined and statistically evaluated from
regression analysis of experimental retention indices and molecular refractivity data
for a sufficiently large set of compounds. A statistically significant relation of the type
9 proves the validity of the assumptions expressed by eqn. 2. With knowledge of &,
and 4, one can then undertake to calculate b.

Let us first consider the situation when b, = b,. i.e., the two phases. polar and
non-polar, are of equal polarizability. To a first approximation one can assume this to
be the case when the two phases have similar molecular weights. Then:

bl = b: =b= kz/ (kx - l) (10)

After calculation of b one can use eqn. 3 to determine the chromatographic polarity
parameter, /] — b- MR.

If the polarizabilities of the phases, b, and b,. difter significantly, the polariz-
ability of one of the two phases must be known. Then:

b, = kb, — k&, or by = (ky + b))k, an

A possible way to obtain data related to the polarizability of a chosen standard phase
would be to find a relation between the molecular refractivity and retention indices
for a group of non-polar compounds. The phase chosen should be as non-
polar as possible. Alternatively different values of b calculated from eqn. 11 can be
compared with those obtained from eqn. 2. In order to get a statistically significant
relationship for an equation of the type 2 a certain number of retention indices. dipole
moments and molecular refractivities is required. Substituted phenols offer a group of
compounds for which quite a few such data are available in the literature. Addition-
ally, these compounds exhibit polar interactions with stationary phases. Retention
indices for 43 phenols on three stationary phases of different polarities have recently
been reported by Grzybowski et al.’. For 20 of them, dipole moment values have been
determined experimentally in benzene!® 16,

It seemed interesting to compare the chromatographic polarity parameter. / —
bh-MR, with quantum chemically calculated dipole moments for these 43 phenols.
The dipole moments were calculated using the CNDO/2-MO method!”-!¥, which for
this purpose is well established. The results are shown in Table L. In order to obtain
reliable values, comparable to those in the literature for solutions in benzene'®'°_ we
first calculated the most stable conformations of all the phenols. In cases where more
than one energetically favoured conformer exists, the value g_,,. represents the arith-
metic mean of the g values of the corresponding conformers. For the molecular
geometries of the phenols, standard values were used!®.



R. KALISZAN. H.-D. HOLTIE

9161
08¢1
9cel
0Tyl
0901
teel
|
S0l
RLY
is¢1
pel
0901
9501
9L01
8401
9601
+201
§16
080!
11
0poI
Y STRETT = ¥
‘sayjormamd Sspmjod
apdmaeimieny)

Ugo 19l
0§¢
o0t
0L'e
8L
0£'c
1
0Tt
BL'L
£0'C
9i'c
[k
bl
ol
o8l
091
Ll
69'}
oLl
L8l
L'l

Aoy

it

¢101°C
el
A
afl'c
161
711681
1t STl
TR

1y 0t |
1y 8
or85°1
ot _c._
nSt'l

ﬁ«l_;_.l

SO paowt ojodi]

£0°8C
09t
1A
90"
W
§0'¢
0°¢¢
178t
L
IT'te
Tt
1T'8E
1A
fPilt
§'Le
8Lt
341
$H'LY
£RTE
ERCE
ERCE

AV
Saapsanifa

anpopy

STONTH GHLOALLLSHNS A0 dNOUD VA0 SUULIAY

$16¢
LLie
Sl
[61¢
0961
£80T
050t
1481
8LLI
1907
8607
L8l
LS8l
LLBI
0681
8681
€8l
91L1
8Ll
t181
7|

FON

0£Le
b1t
414
124
£C8l
0v6!
otol
LiLl
1791
[
ol
ROLL
£691
90L1
9bLl
(44
0991
£oS1
{91
P91
LRS1

§CCA0

petl
pIgl
t8el
pLel
09¢1
1121
01zl
90¢]
14|
boll
7611
£811
6911
£911
(21
i1
pel
8601
$901
6501
S0l

08-S

XSQUPUL UOHUIIL SIN0Y

HOv
YIN-p
1Dt 1Ot
-y
Y(*HD)s'e'T
‘HOO¢
"HIO
19
Y(CHO»O'P'T
oXY

1
vt
(1’
“CHo)s'e
Oy
1€
M10)p'e
'11a)9'z
THOt
YHO¥
1O

Joitdgd

1T
0t
6l
81
Lt
9

-
14!
tl

-_—1

‘ON

UVd ALIIVIO0d

DIHIVIDOLYNOUID ANV SINTWOW F10dIC AHLVINYTVY ANV TVINIWRIAIXH 'SALLIALLOVILEY AVIOW 'SUDICAN! NOLLNILAY
14714V.L



307

9,07 18 AUIZUIQ UL PIUILIINDC 4,
'$10UI0JU0d djqrinoat) A1[ro1adoud o1} 10§ SANJUA o D11 JO LW INDWIILY
S0 10 PagIaads 1ou JI D g7 I8 UOINOS AUIZUIQ U] PAULULINACT xxx
*IP 12 yosury o1 Fulpaooar paIR[na) vx
‘6 Ja1 woij vwg x

GC DETERMINATION OF MOLECULAR POLARITY

938 31z - 1$'8p £261 8p81 L9E1 MO = HO'HO¥ HIOT  tF
0Ls! o'y - v0'Ts £89¢ $89T 681 ‘HO0D v (FHD0)9'T T
0l 0Tt - 78'6S 962¢ 2544 b9l D CHD0)M'T It
9081 68°C - 9¢'§¢ 97€e €822 €51 ‘HO0D+HOOT  OF
rARi L0'€ - 159y 9012 9L0T £ELb1 THOv-HPHOOr9'T  6€
09€1 6t's - 06°0v LT 6612 Lpbl OHOPHDOT 8¢
LES 8t - 86'8h 881 0181 T6¢E 1 HEDPHOOT LS
81l 00°t - 68'1b 102 9¢61 LpE1 yooro't ¢
96 43 201°E b$ bt £0L1 9551 6v11 ION-T  §¢
8.8 AN/ - $0'SE L7291 ph§1 $601 "HOOT  bE
£e¢ Ll - 10°0L 0¢81 8Ll oy HOb-T(CH™ D o9t €€
56 Wl - SL'Sh 6! 9LLI 1421 YHosg-tHEDm0s €
£pbl pE'e - 90'9¢ k44 6902 LTl i1 N
669! $8'7 - 09'2¢ 9612 6£0C 1474 THN-T O
602! §1't - 0¢'8t 6187 8LYT 8L 1 ‘Ho00t 6
091 11T - $0'0p 1992 9LET 0051 ‘HO'0DY 8T
11 - af1T 201y eT 0€2E 861 v LE
9281 Lt 81T 17°8¢ £heT L1z 16€1 st 9T
LL6l 6b't wl0T £0'8¢ 9LST 1L£2 89€1 HOt St
el 66'1 - 1Tey 81e 6£02 o€l o't 1T
£p 1l 9’1 a19'1 12ey 1902 8261 6YE | DIYT €T

§691 (190 £8°2 €8l 09'ce wee 61TC Stel "HNt T



308 R. KALISZAN, H.-D. HOLTIE
RESULTS AND DISCUSSION

Correlations between retention indices on polar and non-polar phases

In Table I the Kovat's retention indices are shown for 43 phenols on dimethyl-
polysiloxane (SE-30), 3-cyanopropylmethylpolysiloxane (OV-225) and polyneopen-
tyl glycol adipate (NGA) coated on Chromosorb W HMDS (80-100 mesh)®. Molar
refractivites have been calculated as a sum of fragmental refractivites according to
Hansch er al.”. The dipole moment values p_,, were taken from the literature!%16,
and are for benzene solutions at 25°C {or at 20°C in four cases). The data are from
several sources, but seem to be reliable as the values obtained for the same com-
pounds by independent authors are very similar. Besides, the data are in accord with
the calculated values.

The relationship between retention indices on OV-225 and SE-30 has the form

Tovnas = 1.95 (£ 0.16) L350 — 22.08 (£ 3.56) MR + 285.76
n =43 R = 09691.s = 71 (12)

where 2 is a number of compounds considered, R is the multiple correlation coef-
ficient and s ts the standard deviation from the regression equation. The numbers in
parentheses are 95°; confidence limits. All the equations presented are statistically
significant at least at the 99.97; significance level, as are the variables used. The
corresponding equation in the case of the phases NGA and SE-30 has the form:

Iiga = L.81 (£ 0.20) £ 30 — 24.50 (£ 4.36) MR + 682.59
n=43 R = 09472, s = 8§87 (13)

Determinuation of the stationary phase polarizability coefficients

After determination of eqns. 12 and 13 we undertook to calculate the chroma-
tographic polarity parameter. / — b- MR, as defined by egn. 3.

We have found experimental dipole moments for a group of 20 compounds.
For four compounds. dipole moments determined in benzene at room conditions did
not fit eqn. 2. These are 4-OH. 3-OH and 3-NH, substituted phenols for which the
experimental dipole moments are significantly lower than expected from eqn. 2, and

TABLE I

CORRELATION COEFFICIENTS. R. AND STANDARD DEVIATIONS, s, FOR LINEAR EQU-
ATIONS I = 2¥Y + B RELATING RETENTION INDEX, /, TO DIPOLE MOMENTS OR MOLAR
REFRACTIVITIES, X. FOR A GROUP OF PHENOLS

z and § are constants.

7 R R s
L0 Eoe 0.6065 95
Iov 225 o 0.8692 114
Iga !155, 0.8611 110
Ly 3o MR 0.6479 91
Iovaas MR 0.2330 225

>
Iga MR 02463 213
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2-nitrophenol, the experimental dipole moment of which is to high to fit eqn. 2. The
cause of the much higher polarity of the first three compounds in comparison with
their polarity in benzene solutions is probably partial ionization at high-temperature
chromatographic conditions. As far as 2-nitrophenol is concerned its low polarity
under chromatographic conditions may be due to an increase in intramolecular bond-
ing. The dipole moments of the remaining 16 compounds under chromatographic
conditions are (to a first approximation) linearly related to the experimental ones.
Bearing in mind all the limitations, the following equations can be considered as

supporting the hypothesis:

Isp 30 = 66.67 (£ 14.42) p2, -+ 2534 (+ 5.22)MR + 57.53
n =16, R = 09679, s = 31 - (14

Lyays = 164.72 (% 36.61) p2,, + 24.48 (+ 12.90) MR + 408.33
n=16R=109472,5s = 77 (15)

Inga = 155.69 (& 33.63) 3, + 23.99 (+ 12.19) MR + 599.81
n=16,R =09477,2 = 73 (16)

The two-parameter eqns. 14-16 are highly statistically significant. The correlation
coefficients for the corresponding one-parameter equations relating the retention in-
dices to pZ,. and MR are much lower or of no statistical value (Table II).

Next it was of interest to compare b values obtained from eqns. 14-16 with
those calculated from the coefficients in eqns. 12 and 13. For calculation of 5, by eqn.
11, the value b, = 25.3412 has been assumed as obtained from eqn. 14. Then, from
eqn. 12, b for the OV-225 phase was calculated as 27.3510. The corresponding value
for the NGA phase calculated from eqn. 13 is 21.3825.

Relationship between the chromatographic polarity parameter and the calculated dipole

moments
As can be concluded from reports by Karger et /> and Scott?!, the polar
term in equations of the type 1 reflects more than just the charge distribution in the

molecule. It includes a steric component and reflects the ability to form hydrogen

H
\0 H\O
n-9 O~y
u=3.21 p=0.0
E=52708.723 kcal/mol E=52708732 kcal/mol

Fig. 1. Dipole moments and conformational energies (E) for energetically favoured conformations of
hydroquinone.
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bonds between the solutes and the stationary phases. Therefore a chromatographic
polarity parameter might be able to simulate the capacity of a molecule to approach
an unspecific binding site; this is of great importance in drug—receptor interactions.

The chromatographic polarity parameter, being dynamic in nature, reflects the
actual dipole moment of the solute under chromatographic conditions. On the other
hand. calculated dipole moments represent the molecular conformations in the gas
phase which may well differ from those in the adsorbed state. This can be demonstrat-
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Fig. 2. Correlation between the chromatographic polarity parameter. [ - 5-MR, and calculated dipole
moments for phenois without space-consuming substituents.
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ed with 4-hydroxyphenol. For this compound g, and y_,, are in a very good agree-
ment but there is no correlation with the chromatographic polarity parameter; p_,; is
the arithmetic mean for the two conformers (Fig. 1). If one takes the g_,;. of only one
conformer (u_,,. = 3.21) there is a very good correlation with the polarity parameter.
This means that in the gas phase and benzene solution we have a mixture of two
conformers, whereas at the stationary phase only one conformer is bound. A similar
situation can be expected at the surface of a biological receptor.

The idea that the chromatographic polarity parameter reflects more than the
charge distribution in the molecule seems to be supported by the correlation shown in
Fig. 2:

Iyga — 21.3825 MR =98.85 2, + 810.62
n =27, R = 0919, s = 847 (17)

The good correlation between the chromatographic polarity parameter and p,,. de-
scribed by egn. 17 was obtained after elimination of all phenols with space-consuming
substituents (33,37,41,43) as well as 2,6-disubstitution (4,13,14,23,33,36,39,41,42),
also 34 (steric hindrance and hydrogen bonding), 35 (hydrogen bonding) and 38
(thermal reactions?), leaving 27 phenols. This procedure seems to be reasonable be-
cause in the remaining 27 phenols the interaction between the phenol and the
stationary phase is dominated by the electronic properties of the molecule (dipole
moments), whereas in all the excluded cases additional factors play a significant role.
The easily determined chromatographic polarity parameter seems to be a con-
venient numerical measure of the molecular polarity and might be of importance in
medicinal chemistry. Application of it to QSAR will be published elsewhere®2.
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