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SUMMARY 

R,,, values of two groups of N-( I-substituted-2,2,2-trichloroethyl)formamides 
have been measured using chromatography on polyamide thin layers. 

Substituent AI?,, values correlated poorly with Hansch’s ?c parameters, unless 
the electronic effect of the substituent was taken into account. RM values correlated 
with a linear combination of II and certain electronic Parameters, including the 
Hammett o function and specific quantum mechanical indices. Consequently, the 
relative influence of electronically determined solvation forces is thought to be differ- 
ent in polyamide TLC from that in Hansch’s octanol-water partitioning system, and 
in Hansch-type regression equations employing parameters determined on polyamide 
layers some fraction of the electronic term will compensate for this effect. 

The mechanism of chromatography on polyamide thin layers is considered, 
and the possibility raised that, with certain compounds, charge-transfer complexing 
might be an important influence. 

-- 

INTRODUCTION .% 

Since the pioneering work of Overton I, Meyer* and Collander3 it has been 
established that the lipophilic nature of a substance is often an important factor in 
controlling its interaction with biological systems. Hansch and Fujita4 proposed a 
general mathematical relationship between the penetration of a molecule into cells 
and a substituent constant z which they defined by the free energy relationship 

x = log Px - log P,, (1) 

where PI, and Px are the octanol/water partition coefficients of the parent compound 
and a derivative, respectively. z has proved to be of great utility in correlating 
structure with biological activity4. 

To avoid the practical difficulties often associated with the direct determination 
of partition coefficients, Boyce and MilborrowS exploited the theoretical relationship 
between the partition coefficient and RM values from liquid-liquid partition chro- 
matography: 

R,=alogP+b (2) 
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They pointed out that the value of Z?,,, for a substituent (AR,+,) is a free-energy-based 
constant analogous to z used by Hansch and Fujita. and consequently it should be 
possible to correlate the penetration of substances with either their RM or AR,,, values. 
This premise has been validated by authors using a variety of reversed-phase systems, 
including silica gel plates treated with paraffin oil’ or silicone DC-2006, and cellulose 
plates impregnated with ethyl oleate’ or n-octanols. 

Recently Draber et a/.’ have shown that commercial polyamide plates behave 
as a hydrophobic phase without further treatment, and Verlooplo has suggested that 
this polyamide plate method might give better constants for hydrophobic bonding, 
because Hansch and Helmer I1 have shown that the mechanism of such bonding is 
the same in both synthetic and natural polymers. 

We show in this paper that in a series of N-( I -substituted-2,2,2-trichloroethyl)- 
formamides prepared for an assessment of their antifungal properties’2**3, RM values 
determined on polyamide thin layers do not directly correlate with Hansch’s IG 
constants. 

EXPERIMENTAL 

Preparation of cornpounds 
The N-( 1 -substituted phenoxy-2,2,2-trichloroethyl)formamides and I -substi- 

tuted anilino-2,2,2-trichloroethyl)formamides were prepared by reaction of the appro- 
priate phenol or aniline with N-(l,2,2,2-tetrachloroethyl)formamide, as described 
elsewhere12*13. 

Thir+la_ver ckrornatography 
Polyamide powder (Woelm 8.5 g) and absolute ethanol (50 ml) were homog- 

enised for 2 min in a Waring blendor with cellulose powder (Macherey, Nagel & Co.), 
(Diiren, G.F.R.) MN 300: I .5 g) added for its binding properties14. The inclusion of 
cellulose produced no detectable change in RF values. The resulting slurry was spread 
onto two 40 x 20 cm glass plates, giving a layer 0.3 mm thick. The air-dried layers 
were marked by a line I5 cm from and parallel to the bottom edge, then aliquots 
(1 ,A, lO-2 M) of the compounds in acetone were applied to the layers at 1.5-cm 
intervals in a line 2.5 cm from the bottom edge, 5 cm of the layer at each side of the 
plates being left free in order to minimise edge effects. Two spots of each compound 
and the parent (unsubstituted) compound of the congeneric series were applied to 
randomised positions on each of four plates, which were then developed simulta- 
neously by the ascending technique in a paper-lined chromatography tank previously 
equilibrated for 72 h. The distance migrated by the leading edge of each spot in a 
ethanol-water (1: I) mobile phase was determined after air-drying the plates, spraying 
with a silver nitrate-hydrogen peroxide reagent14, and irradiating with UV light 
(254 nm) for l-2 Ii. 

Electronic parameters 
Hammett a values for the ring substituents are from the compilation of Jaf?Ys. 
Electronic properties of the n-electron system in the phenoxy and anilino 

portions of the molecules were computed by the Hiickel molecular orbital method16v17. 
The quantum mechanical values computed were the n-electron density (4) at each 
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rABLE I 

XZROMATOGRAPHIC. PARTITIONING AND ELECTRONIC DATA FOR N-(l-SUBSTITUTED PHEN- 
BXY-2,2,2-TRICHLOROETHYL)FORMAMIDES AND l-SUBSTITUTED ANILINO-2,2.2-TRICHLORO- 
5THYL)FORMAMIDES 

CCl,CHNHCHO 

I 

1 

6 2 

R 
5 6% 3 

4 

R 

-. _.. _ 
Partitiorthg data 
,._____~._.___ .- ._.~_ .__-. . 
&’ f.i Rev fiamcli’s a 

___ ___.......__ - ._.... -......... ~. 
P&noxy cotnporrrids (X = 0) 

H -0.17~0.01 
3-OCHJ -0.16*0.01 
4-F -0.11 hO.01 
4-61 -0.05 hO.02 
4-Br 0.10~0.01 
4-NO2 -0.27&0.03 
3,4-(C&)2 - 0.08 =to.OO 
3,5-(C&)2 - 0.08 ho.01 
2-CHs-4-Cl 0.10~0.01 
3-CH+t-Cl 0.07 *o.OO 
3.4~Cl2 0.16&0.01 
2,4-Cl2 0.14&0.01 
3-CH&CJHs -0.08&0.00 
2,3,S-(CHJ)J - 0.02 =to.OO 
2.4,s~CIJ 0.68 ho.01 
4-CI-3.5-(CHJ)z 0.08 =tO.OI 

Arrilino conlportrrcls (X = NH) 
I-x - 0.04*0.00 
341 0.21 zbo.01 
CCHJ -0.01 hO.00 
4-Cl 0.18&0.01 
4-ll’CJ-rY 0.12~0.00 
3,4-(CHJ)Z 0.06&0.01 
3,4-ClJ 0.28 &to.02 
3-Cl-4.CHJ 0.23 ho.01 
3-I-4-CHJ 0.33 hO.00 
3-NO+CI 0.27&0.01 
2,5-Clr 0.27&0.01 
2,‘ks-(CHd~ 0.06=tO.O1 

?c value 
-.____-_ 

0.00 0.00 0.00 - 1 .OOOO 0.8413 1.0171 1.0208 1.9255 
0.01 0.12 0.08 -1.0112 0.7830 I.0165 1.0379 I .9255 
0.06 0.15 0.06 -0.9659 0.8605 1.0035 1.0224 1.9230 
0.22 0.70 0.23 -0.9755 0.8575 l.OOSO 1.0222 1.9233 
0.27 1.02 0.23 -0.9859 0.8447 1.0079 1.0220 1.9239 

-0.10 0.24 0.78 - 1.0000 0.5988 0.9213 I .0147 I .8984 
0.09 1.03 -0.30 - 1.0124 0.7615 1.0287 1.0326 I .9272 
0.09 1.02 -0.14 -1.0281 0.8180 1.0152 1.0542 1.9254 
0.27 1.38 0.06 -0.9779 0.8200 1.0232 I .0217 1.9252 
0.24 1.21 0.17 -0.9790 0.8422 1.0042 1.0353 1.9234 
0.33 1.46 0.53 -0.9397 0.8598 1.0063 I .OIOO I .9235 
0.31 1.29 0.46 -0.9466 0.8636 0.9860 1.0232 I .9207 
0.09 1.50 -0.32 -1.0124 0.7615 I .0287 I .0326 1.9272 
0.15 1.70 -0.34 - 1.0309 0.7730 I.0336 I .OS32 1.9272 
0.85 2.0s 0.76 -0.8982 0.8652 0.9872 1.0019 1.9208 
0.25 1.72 0.10 0.9873 0.8373 I .OO34 I .OS56 1.9234 

0.00 0.00 0.00 
0.25 0.76 0.37 
0.03 0.52 -0.17 
0.22 0.70 0.23 
0.16 1.90 -0.16 
0.10 1.03 -0.30 
0.32 1.46 0.53 
0.27 1.28 0.24 
0.37 1.67 0.18 
0.31 0.81 0.94 
0.31 I .4G 0.53 
0.10 1.71 -0.47 

__ ___.____...-------._-.-... _.. . ._. . 
Efcctronic parameters*** 

_~ .__. ._ ._ ._. .-..... _.-. .- 

&Emo G~omo ql % Yl 

-- 

- 1.0000 0.5539 0.9812 1.0614 I .8493 
-0.9598 0.5516 0.9822 1.0493 1.8493 
-1.0000 0.5183 0.9921 1.0599 1.8531 
- 1 .OOOO 0.5701 0.9703 1.0625 1.8441 
-l.OOOO 0.5183 0.9921 1.0599 I .8531 
-1.0136 0.5135 0.9912 1.0725 1.8531 
-0.9563 0.5710 0.9713 1.0508 1.8441 
-0.9606 0.5204 0.9933 1.0475 1.8533 
-0.9759 0.5 190 0.9929 I .0524 I .8532 
-0.9553 0.5761 0.9719 0.9648 I ,8463 
-0.9612 0.5813 0.9533 1.0624 1.8388 
-1.0257 0.4865 1.0066 1.0812 1.8559 
_. _ __._ ~____ _-. .._.. ._-_. . ..~ _-_ -._ ..-_- .__.. -------- ..-- ---- .- .____ __._____._._..._. 

l Mean of tight observations & standard error of the mean. 
l * From octanol-water partitioning experiments.. 

l ** A complete list of the electronic parameters included in the regressions is given elsewhcrc’*. 
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Fig. I. Correlations bctwcen Hansch’s IC values and JR A, values dctcrmincd expcrimcntally on 
polyamide thin layers. (a) N-( I-Substituted aniline-2,2,2-trichloroethyl)formamides. (b) N-(l-Sub- 
stitutcd phenoxy-2,2,2-trichloroethyl)formamidcs. 

and the other including compounds with halogen0 substituents in the aromatic ring 
(eqns. 7 and 8, relating to lines 2 and 3 of Figs. la and I b, respectively) 

?c = 6.072dR, - 0.652 (7) 

I1 = 

IG= 

I1 = 

(2.64) 
7, I’ = 0.797, s = 0.234 

4.859dR,, - 0.078 (8) 
(3.97) 
10, I’ = 0.832, Y = 0.21 I 

It is unlikely that the low correlations between x and AR,, are due to errors in 
either the experimental determination of R &, values or the calculation of x by addi- 
tivity methods 21, because good correlations were obtained between z and AR*, values 
determined by a similar technique on cellulose thin layers impregnated with ethyl 
oleate’2*1*. The low correlations appear to indicate that the chromatographic process 
on polyamide thin layers is not analogous to octanol-water partitioning, or indeed 
to reversed-phase thin-layer chromatography (TLC) on ethyl oleate-impregnated 
cellulose layers. Draber et al.’ also suggested that chromatography on untreated 
polyamide plates is not a pure partitioning process, and speculated that hydrogen 
bonding and charge-transfer complexing may be important. If this is so, the low 
correlation between substituent ?G and ARM values may be due to the electronic effects 
of the substituents. 

To test this hypothesis, and to see whether the nature of any differing electronic 
influences in the two systems could be deduced, the x and AR,+, values were subjected 
to linear regression analysis with either Hammett 0 constants or certain molecular 
orbital indices chosen as a measure of specific weak electronic interactions (hydrogen 
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bonding and charge-transfer complexing) which may influence the chromatographic 
and partitioning process. The significant regressions that resulted from this treatment 
are given in Tables II and III. 

In both series of compounds, inclusion of the electronic term o in the regression 
led to a significant improvement in the equations correlating 7~ and A&, (eqns. 14 
and 22). and the positive coefficient of a indicates that AZ?,,, values of electron-with- 
drawing substituents are larger than predicted from Hansch’s octanol-water par- 
tition data. 

TABLE II 

CORRELATIONS BETWEEN d&,. YC AND VARIOUS ELECTRONIC PROPERTIES OF 
N-(1 -SUBSTITUTED PHENOXY-2,2,2-TRICHLOROETHY L)FORMAMIDES (n = 16) 
------ .-- -..--.. -----..-.-_-~ . ..-. 

Correlations and properties Equation 
~~~-.-.__---____.._._- _ _._^_ __ ~...____._. --___~---- 

.dRA, = 0.3037~ - 0.146 9 
(3.86) 

r = 0.719, s = 0.428 

~1 RA, = 4.954 &p.,,, + 5.073 
(5.07) 

10 

r = 0.805, s = 0.132 

ARM =0.173~~ + 3.927 ELEMo + 3.881 11 
(5.03) (6.29) 

r = 0.938 and s = 0.079 

r.1 R&, = 0.208~ + 1.257 EI-,OM,, - 1.041 12 
(3.68) (2.38) 

r = 0.815. s = 0.134 

AR,,, = 0.263~ - 6.GS5qe + 6.770 13 
(5.54) (3.47) 

r = 0.866, s = 0.115 

d R b, = 0.239z -t- 0.275~ - 0.095 14 
(4.86) (3.16) 

r = 0.852. s = 0.120 
_-- ..--_...._ -.._-- ..----- .-- ___.....-. - . . _..-._.- ._._ - . . ..__. . 

The successful correlations incorporating molecular orbital indices may be 
indicative of the differing electronic influence of substituents during polyamide TLC 
and octanol-water partitioning. Within the two congeneric series AR,,., values are 
higher than expected from their z octanol-water values in compounds with: 

(a) less negative ELEMo values --i.e. greater ability to accept electrons in 
charge-transfer reactions; 

(b) more positive EHoMo values --i.e. lower ability to donate electrons in 
charge-transfer reactions; and 

(c) lower pi-electron densities (q6 or ql, q6 and q,) over the -0-C=C- or 
-N-C=C- part of the phenolic or anilino ring, respectively -i.e. compounds with 
less tendency to interact electrostatically at these positions ,with positively charged 
moieties. 

The intercorrelation between the.electronic parameters in eqns. 11-14 and 
17-22, as shown by the correlation matrices in Table IV, makes it impossible to say 
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TABLE III 

CORRELATIONS BETWEEN ARM, IC AND VARIOUS ELECTRONIC PROPERTIES OF 
N-( I-SUBSTITUTED ANILINO-2,2,2-TRICWLOROETI-lYL)FORMAMIDES (II = 12) 
-__-___ ______ _ _._._.___..._-___- ..__._ ----- _c. 
Correiatioris and propcrlics Equation 
_____________ __ __. ._ _.. __._ .___-..-.___ .___.. .-.. _ __ -..-....-.- 
d Rh, = 0.61472 - 0.422 15 

(I .Ol) 
r = 0.042. s = 0.473 

AR,,, = 3.826 E,_o,,o + 3.968 16 
(3.99) 

r = 0.784. s = 0.253 

AR,,, = 0.096rc + 3.721 E,_,J~,o I- 3.759 17 
(3.02) (5.24) 

r -5 0.900, s = 0.177 

~1 Ra, = 0.174,~ + 3.205 E,to MO - 1.712 18 
(3.44) (3.20) 

r = 0.807. s = 0.081 

A Rs, = 0.164~~ - 7.556q, i- 7.467 19 
(3.06) (2.79) 

,,.r = 0.773. s = 0.088 

/1 RM = 0. I I Sn - 2.34qe -I- 2.536 20 
(2.24) (2.40) 

r = 0.733. s = 0.094 

AR.,, = 0.146~ - 19.OOlq, + 35.197 21 
(2.67) (2.43) 

r = 0.737. s = 0.093 

d Ri+, = 0.1277~ + 0.252~ -t 0.025 22 
(4.44) (6.10) 

r = 0.927, s = 0.052 
___ ___._ -__---._--.--..-- _-..-.-_-..-... __-___ ._.. - ___.-. 

TABLE IV 

CORRELATION MATRICES OF ELECTRONIC DATA FOR SUBSTITUTED PHENOLS 
AND ANILINES 
- __._ _-._-.____.________ .._ ___. .___ ._._____.__ .-_ . . .._ - _- 
Phenols 

d 
&.E MO 

EIIOMO 

(I1 

q6 

(I7 

Adines 
d 
ELE MO 
EIIOMO 

Yr 

q6 

(I7 

l.oooo 
-0.8597 

0.1822 
- 0.0782 
-00.5654 
-0.2590 

0 

l.oooo 
-0.7487 
- 0.766G 
-0.6946 
-0.8279 
-0.6662 

a 

1.oooo 
-0.2174 
-0.1985 

0.7194 
0.0439 
EL!%0 

1.0000 
0.49 17 
0.4401 
0.9807 
0.3397 
ELP.MO 

I .oooo 
-00.0679 
-0.2344 

0.1849 
ho MO 

1.oooo 
0.9807 
0.5043 
0.9615 
ho MO 

I .oooo 
-0.1098 1.0000 
-0.1247 -0.2383 

qc qe 

I .oooo 
0.4286 1.0000 
0.9901 0.3407 
(71 % 

1 .oooo 
Y7 

1 .oooo 
rl7 
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with imy certainty which of the electronic effects described by these parameters is 
the more important. Indeed, the evidence against all these factors is largely statistical 
and statistical association is not proof of cause and effect. It is clear. however, that 
for these series of compounds the relative influence of electronically determined sol- 
vation forces differs in the polyamide TLC and octanol-water partitioning systems, 
and that in Hans&-type regression equations* employing parameters determined on 
polyamide layers, some fraction of the electronic term will compensate for this effect. 

The equations may also be indicative of the mechanism of the chromatographic 
process on polyamide thin layers. The principle adsorption forces in polyamide 
chromatography are thought to involve hydrogen bonding between protons of the 
absorbate and amide groups of the absorbent 22. Oxygen atoms found in either an 
ether linkage or a carbonyl group may also partially bond with the hydrogen of the 
amide group. Bark and GrahamZ3 envisaged that the chromatographic process... 
involves breaking the solute-polyamide bonds through displacement of the solute 
by an eluent capable of hydrogen bonding with the polyamide surface. 

Any of these interactions could occur with the compounds in this investigation, 
and the higher R,,, values of compounds containing halogeno substitucnts might be 
attributed to their stronger adsorption to the stationary phase through hydrogen 
bonds involving the halogen0 lone-pair electrons. However. the striking correlation 
in both series of compounds between R ,+, and ELEMo (eqns. IO and 16) raises the 
question of whether the ability of the compounds to accept electrons in charge- 
transfer interactions might be particularly influential in the chromatographic process. 
This type of interaction might be of general importance in those aromatic compounds 
that are unable to form strong hydrogen bonds with the polyamide layer, and a 
re-examination of relevant published data for such compounds may be rewarding. 
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