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POSSIBLE RELATIONSHIP BETWEEN LIPOPHILICITY AND BEHAVIOUR
IN REVERSED-PHASE THIN-LAYER CHROMATOGRAPHY AND GAS-
LIQUID CHROMATOGRAPHY

EVA JANOS

Plant Protection Institute, Hungarian Academy of Sciences, Herman Ott6 it 15, Pf. 102, 1525 Budapest IT
(Hungary)

SUMMARY

Gas-liquid chromatographic (GLC) retention indices of 31 aniline derivatives
were measured on six columns of different polarity, Relationships between reversed-
phase thin-layer chromatographic (TLC) Ry, values, log P values and GLC retention
data (retention indices extrapolated to 0°C and retention index differences measured
on different columns) were investigated by stepwise regression analysis. Significant
relationships were found in only a few instances but the regression coefficients were
not high enough for predicting lipophilicity. A dependence of the relationship be-
tween lipophilicity and retention data on the type of compounds was observed and
difficulties with GLC as a technique for determining lipophilicity are emphasized. The
influence of TLC systems on R, values, the influence of organic solvents on the
partition coefficients and the influence of temperature and stationary phases on GLC
retention indices are discussed.

INTRODUCTION

Lipophilicity is a useful and important parameter in quantitative structure—
activity relationship (QSAR) investigations. Using lipophilicity as an independent
variable, one can design new biologically active molecules by QSAR methods. Li-
pophilicity can be measured in many ways, e.g., by partition in the 1-octanol-water
system':2, giving log P values, by reversed-phase thin-layer chromatography (RP-
TLC) and reversed-phase over-pressured layer chromatography®—3, giving Ry, values,
by reversed-phase high-performance liquid chromatography (RP-HPLC)%’ and
gas-liquid chromatography (GLC)®12, Clifford and Watkins® used GLC relative re-
tention (mgrc = F/ts, Where r, and r, are the retentions of a compound x and a
parent compound 4, respectively) with success for chemical structure—biological ac-
tivity investigations. Steurbaut ez ¢/.° and Rittich and Dubsky!! found no correlation
between GLC relative retention and linear free energy parameters.

Botek!? used oleyl alcohol and water as GLC stationary phases for measuring
partition coeflicients. This method is suitable only for highly volatile solutes. In cer-
tain instances highly significant linear relationships were found between partition

0021-9673/86/303.50 @© 1986 Elsevier Science Publishers B.V.



"SI "Jo1 WO} UaYE) BB .y

‘olqe[ieAe e1ep ON = —

741
m 9407 £581 70£7 6161 €LLY 98p1 0°sS1 SEIT 8161 - SUIUBONIULLL 9T 13
= 8L61 1212 974 1541 LLLY 01Z1 8151 8'96- 0'ZsT - sumueoIuI-9°T  0f
o 9181 0¥61 €617 ¥891 6EL1 £9¢1 9°€TE TEIT £0ve - SUUECWOIQUL-9Y'T 6T
ors1 LT61 6€7C 6bel 9Z51 08¢1 S0ET £'691 7507 - sujueowoIqd-Fg 8T
PHOT 6£61 69L7 851 9461 L9651 9967 ¥yLl L€IT - SUIIURONU-p-OIOTUNA9T LT
1202 0022 967T 66¥1 £F81 6951 1's¥1 ¥l LAty - SUIUeOINU-C-OI0[YDF 9T
1£0T £0L1 1822 9091 S681 0851 S'Spl 8911 2'8¢1 - JUNImeONTU-4-010[UD-7 ST
OEEl €051 €481 el yLyl 0611 7'95T TP8I L501 - SUNIUBCIONYDLIL -9 T $T
8731 6081 £0£7 00b1 9¢51 ozel 9'p31 €781 L'€81 - SUIIUEOIOTYOK-S'E €T
8191 0sk1 10L1 T 9121 #501 8'L6 $'£8 956 — sufueotoDT T
8907 LL6] 81T 06€1 7691 LK1 TEl $ 81— TET - SUIUROTY - 1T
8951 6591 9L91 8611 ££€1 Z0£1 §'£91 §1zl 6'LST - aurueidosdos]-g 0z
691 1891 191 9071 £0p1 14 | 0'€51 9511 1651 - suuelApPw-9-[API-7 61
LS91 S6L1 ¥1L1 #2271 £L01 $6T1 1691 8'¢zI 9pLI - sulpuelAPWLL-9'YT 81
8L91 8181 ¥rLl 6F11 10€1 Wil 09¢1 196 6'3E1 - sunruelAqlemg-5°g Ll
0£81 0581 891 i7A )| €1 ] Fal LOET 668 9'¢€l - sunmelfylaung-9c 91
soLl 80LT 1041 €511 91¢T Wil I'$€1 v'L8 9EEl ,,| sunuejAylewiq-£'7 - §1
€881 $P07 ¥LIZ 1051 SST STET 0101 €L 766 181 suueoniIN-g  #1
9LL1 1€02 1¥51 6221 6£91 €611 LSl 9911 981 36T aunueopol-z €1
L9L1 $S1T 6681 $SI1 8LT1 6171 8TEl $'€01 1821 $0°T sufueoworg-y ¢l
09L1 90L1 7891 €71 £LE] 8TT1 01Z1 $'401 1811 ore SUIUEOWOIG-¢ 11
0£L1 €651 961 $9Z1 LOF1 LTl 8ILT ¥'9cl TLLL 69T SUUBOIOMUAA-YT Ol
0291 9861 ¥Z61 911 %4 6411 001 676 101 €81 suquEOIONYD¥ 6
91T 86+T 0EVT 8L¥1 6rr1 LOv1 £81— ¥'8E— L- $0'0 surueAxoIpAH-y 8
(444 8691 SLYT 61€1 Z6¥1 1811 £¥I— - ¥si— 310 sumuedx0IpAH-E L
90L1 8681 ILLT $5T1 66v1 8TEl 765 $97 TLY 980 sumue xoyIsN+ 9
7691 Wl 0IL] 1#01 89¢€1 8Pl o1 [ {7 0°¢8 €71 ounruedxoyieN-g
951 881 9691 €11 8871 LETT T9¢l €6 90¥1 ¥ aufuelAyPWIQ-S'T ¥
651 1281 L£91 LLOT rAfal €001 $'E01 §'L9 $'601 o'l suueAyPW-+ €
651 6¢Ll 6091 8201 6811 9111 1°888 8°¢s 0'v6 yel sumuelAyPN-z T
obr1 00027 L8ST 056 LLO1 L¥6 S9F L8l 605 Z6°0 sumuy 1
Y r I H D g wd o) wld 4 punodwo)  ‘ON

118

“II 9[qEL 238 Y—F S[OQWAS Jo Sutmsam 104

JALVDILSTANI SHALLVANIAA ANTTINY FHL 40 (¥
‘T°1°H ‘9 'F) SIOIANI NOILLNALTI om:qogbm_ ANV (@ 2 'g) SANTYA D%y “(¥) LNHIDIJJH0D NOLLILIVd ‘TINLONILS TVOINGHD

[314vVL



LIPOPHILICITY vs. RP-TLC AND GLC RETENTION 119

parameters and GLC retention parameters by Valké and Lopata'2. They found good
correlations only for a few types of compounds using partition coefficients measured
in 1-octanol-water, cyclohexane—water or chloroform—water, and were unable to give
a generally useful GLC method for measuring partition data.

In this paper, we consider the application of lipophilicity for 31 aniline :denv-
atives. Earlier, we tried to use this technique for triazine herbicides!? and carbox-
amide derivatives!4. With the triazines we obtained good results for 15 derivatives.
A highly significant linear relationship was found between their Ry, values and re-
tention indices; the correlation coefficient of the equation was 0.941 [F (Fischer test
value) = 45.9]. The results were not as good for 28 carboxamide derivatives, the
correlation coefficient for the best equation being 0.773 (F = 38.65). No significant
correlation was found between Ry values and GLC retention data determined by
some other workers®:11, but satisfactory correlations were found in other instan-
cess,lo,l 2.

In this work, we measured the GLC (Kovats) retention indices of 31 aniline
derivatives on six stationary phases of different polarities and examined the relatlon-
ships between their Ry, values and the GLC retention data.

EXPERIMENTAL

The aniline derivatives investigated are listed in Table I. The Ry, values were
taken from the literature!’ and the log P values were taken from the Hansch—Leo
compilation!®, The Kovats retention indices (/) were measured with a Packard 7400
gas chromatograph with 180 cm x 2 mm L.D., glass columns equipped with a flame
ionization detector. The stationary phases were 3% Apolar (AP), 3% Carbowax 20M
(CW), 3% OV-1 (0OV1), 3% OV-17 (OV17), 3% OV-275 (OV275) and 3% Epon-
1001 (EP) on Supelcoport (80-100 mesh) and the carrier gas was nitrogen at a
flow-rate of 50 ml/min. Retention indices were measured at three column tempera-
tures and extrapolated to 0°C according to eqn. 1 (see below).

To determine the relationship between log P, Ry and 7 values step\mse regres-
sion analysis was used. The analysis was carried out on a Hewlett-Packard 9845B
computer.

RESULTS AND DISCUSSION

The measured retention indices could not be used for direct investigations, as
only retention indices measured at the same temperature and pressure can be com-
pared. Retention indices of the aniline derivatives containing different substituents
could not be measured at the same temperature. We therefore determined the reten-
tion indices at three different temperatures. The temperature dependence of the re-
tention index value is a hyperbolic function, but the curve can have a significant
linear portion. We calculated the linear regression equations between the retention
values and temperatures:

I=i+ bt 1)

where I is the Kovats retention index, i is the intercept, b is the slope and ¢ is the
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temperature. For all molecules the linear regression equations were highly significant,
with correlation coefficients ranging from 0.970 to 1.000. As the measurements were
made at temperatures belonging to the linear part of the hyperbolic function the
linear regression analysis used was justified. In order to simplify our calculations we
used the i values for further investigations. An arbitrary extrapolation to 0°C does
not affect the results of the following regression analyses between log P, Ry and /
values. Relationships between log P and Ry values were also studied®. The Ry,
values were measured in methanol (m), acetone (ac) and acetonitrile (an) with dif-
ferent concentrations of organic solvent in the eluent system, and then the R,, values
were extrapolated to zero concentration of the organic phase [Ry)]. Highly signifi-
cant linear relationships were found for log P and R, in all three eluent systems,
with correlation coefficients ranging from 0.975 to 0.987. The best equation was
found for RM(O)an:

log P = 0.218 + 0.0149 Ryojan @

with the number of compounds (n) = 14 and the regression coefficient (r) = 0.987.

As we could not find log P values for the 31 compounds in the Hansch-Leo
compilation!®, in most instances we used Ry o)en values as a parameter characterizing
lipophilicity, which is in good agreement with log P. Earlier, it was established*? that
lipophilicity correlates well not with the retention indices but with the differences
between them. We therefore included in our data set not only i, but also 4i.

Relationships were sought between log P, Ry, and i, Ai values. The variables
studied are listed in Table II. Stepwise regression analysis was carried out on our
data set. Only a few significant equations were found:

D =229.19 + 030857 (n = 31,r = 0.702) 3)
C = 231.00 + 02787 W (n = 31, r = 0.730) @)
C =434 + 024 H — 0.12K (5
(n =31, r=0797,s = 49.71, F = 23.36)

D = 13948 + 045 H — 033 K ()

(n=31,r=0782, s = 4980, F = 21.99)

where s is the residual error and F is the Fischer test value.

Although these equations are significant above the 99.9% level (P < 0.1%),
the relationships are not good enough for use in predicting lipophilicity values (R
or log P values). Considering the equations above, we found the best equations be-
tween Ry, values and Aigvy7.gp; disp-gp; iap — ige. We did not find any significant
relationship between Ry, and i values, which showed that there was no direct con-
nection between GLC data and lipophilicity. Studying the variables obtained by
stepwise regression analysis, we can establish that there is a relationship only between
lipophilicity and retention index differences. The most significant equations are found
for retention index differences on non-polar (AP) and polar (EP) columns. This find-
ing is in good agreement with earlier result!?.

To find some explanation for the poor correlation between retention data and
lipophilicity, we chose ten compounds among the 31 with similar structures (com-
pounds 1, 2, 3, 4, 15, 16, 17, 18, 19 and 20) and investigated the relationship between
D and i values for these ten compounds separately. We found that the relationships
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TABLE 11
THE VARIABLES STUDIED

log P* (logarithm of the partition coefficient in 1-octanol-water)
Ryom™ (retention parameter, determined by TLC in methanol-water)
Rygoac™ (retention parameter, determined by TLC in acetone-walter)
Ryopn™™ (retention parameter, determined by TLC in acetonitrile-water)
iovy (extrapolated retention index***, measured on OV-1 column)
iov-17 (extrapolated retention index™*, measured on OV-17 column)
ixp (extrapolated retention index™*, measured on Apolan column)

icw (extrapolated retention index***, measured on Carbowax 20M column)
igva7s (extrapolated retention index™*, measured on OV-275 column)
igp (extrapolated retention index**™*, measured on Epon 1001 column)
AiOVl —0O¥17 (iov1 - iQVl 7)

Aigyi-ap (ovi — iap)

Aiovi-cw (fovi — fcw)

diovy-ovars liove — lovars)

digyy -gp (fov: — iep)

Aioy17-ap (fovir — iap)

Aioy17-cw (ovir — icw)

digyi1-ovars (lovir — iovzrs)

AiOVl'l ~EP (i0v1 T iEP)

Aipp—cw (iap — fcw)

Aisp—ovars (iar — lova7s)

Aigp-gp (iap — fep)

dicw-ova7s (icw — lova7s)

dicw—ep (icw — igp)

diova7s—xp {fov21s — izp)

NN ITTNEAOFOZENASTRONDADA

* Data taken from ref, 16.
** Data taken from ref, 15.
*** For the mode of extrapolation, see eqn. 1.

were basically different from those for all 31 molecules. In some instances the
relationship is better for the ten alkyl derivatives, whereas in other instances the
relationship is significantly poorer.

A few equations are given in Table III, which compares the correlation coef-
ficients for the ten and all 31 compounds. Not surprisingly, cur results show that
GLC retention depends on the type of solute and the type of stationaty phase. The
volatility of a compound is determined by intermolecular forces between the sample
and the stationary phase. It can be seen from the correlation data for eqns. 7-12
(Table III) that the GLC retention can be in good agreement with the lipophilicity
for compounds with similar substituents (e.g., ¥ = 0.966 for the ten alkylanilines),
but the relationship can also be very poor for compounds with different substituents
(r = 0.4149 for the 31 aniline derivatives in the same relationship). The opposite of
this result can also be true, the significant relationship between D and T (r = 0.7021
for 31 compounds) decreases dramatically (r = 0.0123) if we calculate the relation-
ship only for the ten alkylanilines.

From these examples, we can see that the type of solute may influence the
relationship considerably. In some instances there was a significant relationship be-
tween Ragopn and A7 values, e.g., extrapolated retention index differences measured
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TABLE III
RELATIONSHIPS BETWEEN Ry0ps (D) AND i, 4i VALUES FOR TEN ALKYL DERIVATIVES

X Y a b r r for 31 Egn.
compounds No.
D* o* 225.09 0.162 0.881 0.389 7
D* E* —212.29 0.285 0928 0.346 8
D* H* —370.16 0.444 0.966 0.415 9
D* ™ 127.90 0.004 0.012 0.702 10
D* w* 278.27 0.323 0473 0.727 11

* For meaning of symbols, see Tabie II.

on Apolan and Epon stationary phases correlated well with Ra)an values, but the
relationship is not suitable for predicting Ry; and log P values exactly.

Summarizing our investigations on the possible relationship between lipophil-
icity and behaviour in GLC, we may conclude that GLC is not practical and cannot
be recommended as a technique for determining lipophilicity, because in most in-
stances the establishment of suitable experimental conditions is difficult.

In certain instances GLC could be useful but its applicability will always de-
pend on the type of solute. For instance, earlier we obtained excellent results for s-
triazine derivatives'?® but poor correlations for carboxamide derivatives'4, In addi-
tion to the type of compounds, the stationary phases used are also very important.
One must be very careful about the temperature at which the indices are measured,
because retention indices measured at the same temperature can be compared. Several
factors can influence the lipophilicity data. The R, values will be different in different
eluent systems and the concentration of the organic phase may also influence the
results. The results are different if the log P values are measured in 1-octanol-water,
cyclohexane—water or other organic phase-water systems. The great variety of sig-
nificant parameters make it difficult to determine lipophilicity by GLC. Hence, we
recommend RP-TLC or HPLC for the determination of lipophilicity in most instan-
ces.

REFERENCES

Fujita, J. Iwasa and C. Hansch, J. Am. Chem. Soc., 86 (1964) 5175.
Hansch and 8. M. Anderson, J. Org. Chem., 32 (1967) 2583.

B. C. Boyce and B. V. Milborow, Nature ( London), 208 (1965) 537.

L. Biagi, A. M. Barbaro, M. T. Gamba and M. C. Guerra, J. Chromatogr., 41 (1969) 371.

Janos, T. Cserhati and E. Tyihak, J. High Resolut. Chromatogr. Chromatogr. Commun., 5 (1982)
6
I M.

(¥

3.

M. Call; J. Med. Chem., 18 (1975) 549.

. §. Mirrlees, S. J. Moulton, C. T. Murphy and P. J. Taylor, J. Med. Chem., 19 (1976) 615.

D. R. Clifford and D. A. M. Watkins, Pestic. Sei., 2 (1971) 41,

W. Steurbaut, W. Dejonckheere and R. H. Kips, J. Chromatogr., 160 (1977) 37.

K. BoZek, J. Chromatogr., 162 (1979) 209,

B. Rittich and H. Dubsky, J. Chromatogr., 209 (1981) 7.

K. Valké and A. Lopata, J. Chromatogr., 252 (1982) 77.

13 E. Yanos, B. Bordas and T. Cserhati, Acta Phytopathol., 20 (1985) 343.

14 E. Janos, B. Bordas and T. Cserhati, J. Chromatogr., 286 (1984) 63.

15 T. Cserhati, Chromatographia, 18 (1984) 318.

16 C. Hansch and A. Leo, Substituent Constants for Correlation Analysis in Chemistry and Biology, Wiley,
New York. 1979.

T.
C.
C.
C.
E.
M

6
7
8
9
0
1
2



