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The highest level of confidence can be placed in calculated log P values when (1) the log P of a parent solute is
known, (2) = constants for the required substituent(s) are available, and (3) the substituents either do not have an ef-
fect on groups already present in the parent or else this effect has been previously determined. In some instances
there are no values available for any related structures which could serve as a parent; then, rather than substitute
groups for hydrogen, it is easier to begin “from scratch”, as suggested by Nys and Rekker, and assemble the structure
from fragments, each of which has been assigned a hydrophobic value. In the present paper some new log P values for
the lower alkanes and the inert gases are analyzed with the view of separating hydrophobic effects according to vol-
ume (including branching and flexibility) and polarity. Modified fragment values appear to enable reliable calcula-
tions to be made for a wider range of structures than was possible with the originally proposed constants.

Interest in the use of hydrophobic parameters to ratio-
nalize interactions of small ligands with various macromol-
ecules in the fields of biochemistry,? medicinal chemistry,3
and environmental science? continues its rapid develop-
ment. Considerable experience in the use of hydrophobic
parameters in the study of quantitative structure-activity
relationships by regression analysis clearly indicates that
measured log P’s (P = partition coefficient in an octanol-
water system) should be used whenever possible. Neverthe-
less, when the number of compounds is great and the struc-
tural variation limited, simple economics make it desirable
to measure the log P’s for only the key structures and to
calculate the remainder where any group interactions not
in the measured solutes can be assumed to be negligible.
While regression analysis requires the most accurate log P
values possible, there is an ever-increasing need for reliable
estimates of a host of chemicals for which experimental
values may be difficult to obtain. An example would be the
thousands of compounds being studied as potential hazards
to the environment through bioaccumulation.

Whether the log P calculation is made by adding =
values based on eq 1,% or by summing f values as shown in

log Py.x = log Pp.y + 7y (1)

n
log P = > a,f, (2)
T
eq 2,! there is the implied assumption that the hydropho-
bicity of any structural fragment is invariant or else its
variation is predictable according to rules covering attach-
ment to certain “interacting” fragments.

It is evident that “normal” = and f values must be estab-
lished with the greatest possible precision before “interac-
tion” or “proximity” effects can be evaluated accurately.
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For this reason we have carefully measured partition coeffi-
cients for hydrogen, the lower alkanes (normal, branched,
and cyclic), many of the alkenes and alkynes, and a consid-
erable number of halogen derivatives. Those which have
not been published elsewhere® appear in Table L. It shouid
be noted that improved gas chromatographic techniques®
and the analysis of both phases have yielded significantly
different and more reliable values for some key solutes, e.g.,
for pentane and cyclohexane. Taken together with the log
P values for the inert gases,® these new values provide a
basis for establishing a relation between the = value and
the substituent volume (including the effects of branching
and chain flexibility) and separating volume from polar ef-
fects. Measurements on the inert gases are especially valu-
able in relating log P to volume because their rotational be-
havior does not affect cavity volume requirements. Their
hydrophobic nature appears to correspond with that of the
perhalogenated alkanes rather than that of the alkanes.
Further work in this area is in progress and will be the
subject of a forthcoming paper.

It is noteworthy that fy, obtained from % log Py, =
0.225, is in satisfactory agreement with that obtained by
Nys and Rekker! who used a statistical approach. However,
the methyl fragment value presents some problems.

When the A log P/carbon atom for the n-alkanes is ex-
tended ‘beyond C-5 with the_data from the alcohols and
amines? (Figure 1), it is clear that C; and C; compounds are
unique. The methyl fragment value can be calculated as
fcH, = % log PchycH, = 0.91, or fcH; = log Pcn, — fu=1.09
— 0.23 = 0.86, both of which are significantly different from
Nys and Rekker’s value of 0.705. If the average value of
fcHs = 0.89 is used, a constant value for fcu, cannot be ob-
tained from the higher alkanes, alkanols, and alkylamines.

A reasonable solution to this problem is to assume that
every single bond after the first one makes a negative con-
tribution to hydrophobicity (perhaps a volume reduction

§Using present techniques, it is difficult to accurately measure log P's
above 4.0 unless the solute absorbs strongly in the uv.
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Table I. New Log P Values (Octanol-Water)

No.of
anal-
No. Formula Name Log P SD vyses
1 O, Oxygen 065 0.01 5
2 C,Hy, Butane 2.84 005 7
3 C,Hy, Isobutane 276 0.02 5
4 C:Hy, Neopentane 3.11 002 4
5 C;Hy, Cyclopentane 3.00 0.04 10
6 C:Hj Cyclohexane 344 0.04 16
7 CH,Br Methyl bromide 119 0.04 8
8 CH,C=CH Methylacetylene 0.94 0.04 8
8 CHF, Fluoroform 0.64 0.02 8
10 C,H,Cl, 1.2-Dichloro- 148 0.02 8
ethane
11 (CH;),C=CH, Iscbutylene 234 003 6
12 C.Hy, Cyclohexene 2.86 0.02 4
13 C.H; 1,3-Butadiene 199 0.02 7
14 C,H, cis-2-Butene 233 0.02 14
15 C,H, lrans-2-Butene 2.31 0.03 13
18 C,H;OH Ethanol -0.31 0.02 12
17 CH;0CH; Dimethyl ether 0.10 0.02 11
18 CH,OH Methanol -0.77 0.02 12
18 C,H,0H Propanol 0.25 0.01 12
20 H, Hydrogen 0.45 0.01 4
21 CH, Methane 109 005 1
22 C,H; Ethane 1.81 0.04 11
23 C,H, Propane 236 0.07 6
24 C,H, 1-Butene 240 0.05 9
25 C:Hy, Pentane 3.39 0.09 29
26 N, Nitrogen 0.67 0.01 4
1
0s b M hd D) S

r Carbon Atonts
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Figure 1. Curve I, log P/C atom; curve II, A log P/C atom. (O)
from n-alkanes; (A) from 1-alkanols and amines.

through flexibility). Then uniform fragment values can be
assigned which are very close to those derived from meth-
ane and hydrogen, as shown in Table II, A.

Example

log P,.pentane = 2_fc1-[3 + 3_ch2 + 3 =

2(0.89) + 3(0.66) + 3(-0.12) = 3.40 calcd

3.39 obsd

Using f), for straight chain compounds has the effect of
reducing fcH, to 0.54 which is the A log P seen in Figure 1
for Cs through Cg. Bonds in cyclic alkanes do not lower log
P to the same extent, possibly because their reduced flexi-
bility cannot dffect volume as greatly. As seen in the fol-
lowing examples, f» can be assigned a value of —0.09.
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Table II. Modified Fragment Constants¢®

A
_r'cﬁs = 0.89 fy = —0.12
_fcﬁq = fCHq) ~ 1y = 0.66 fpy = —0.09
few = fen, — fu = 0.43 for = 0,13
Fo = fou — fy = 0.20 Foor = —0.22
B __ Statistics”
No. of
solutes
Fragment constant deter- Av
mining deviation
Polar group 7 fo oo f of f
-Br 0.20 1.09 3 +0.06
—Cl 0.06 0.94 4 +0.04
-F —0.38 0.37 1
-1 0.60 1.35 2 +0.02
-N< -2.16 -1.17 -1.29 1°
NG, -1.26 -0.02 3 +0.04
-O- -1.81% 0,57 0.53 3 £0.03
S~ —0.79 0.03 0.77 1
-NH- -2.11 -1.03 -0.18 11 £0.09
—NH, -1.54 -1.00° 6 +0.02
-OH -1.64 -0.40° 8 +0.06
—CN -1.28 -0.34 2 £0.01
—C(=0)N< -3.20 —2.82 -2.09 1
—C(=O)NH- -2.T71 -1.81 -1.06 1
—C(=O)NH, -2.18 -1.26 1
—C(=0)- -1.90 -0.32 -0.50 3 £0.00 (3)
—C(=0)0- -1.49 —0.56 —0.09 3 +0.02
—C(=0)0OH -1.09 —0.03 4 +£0.03
—C,H; 1.90 1

aIn addition to those used in ref 1, the following symbols are em-
ployed: f, = single bond between fragments in chains: f, = single
bond between fragments in rings; fcor = chain branching; feor =
group branching; f 3 = a fragment attached to one aromatic ring;
féop = a fragment attached to two aromatic rings. °Only for ali-
phatic fragment constant determinations; f taken from phenyl
derivative only. ¢Only MesN can be used as higher homologs
needed to establish branching factor; see text. ?For CH;0CHj and
¢-CH2CH20, use —1.56. ¢Approximately 0.25 higher on a-naph-
thyl. /See text.

6fcu, + 57,

obsd caled difference
A 3fcu, + 2f, = 1.72  1.80 +0.08
(0.66) (~0.09)
Q 5fcu, + 4f, = 3.00 2.94 -0.06
O = 3.44 3.51 +0.07

If all kinds of branching had the same hydrophobic effect,
it could be allowed for by an appropriate reduction in the
values for fcy and fc as derived above but this simplifica-
tion is not warranted. Adequate treatment of branching on
nitrogen atoms as well as chain and group branching on
carbon is quite involved and this subject will be treated in
detail in a forthcoming paper (however, see below).

Nys and Rekker point out in two recent papers! that the
use of f values emphasizes the fact that hydrogen itself con-
tributes to hydrophobicity (fu = 0.2) and this approach
avoids some of the previous errors in adding « values. It
should be clear, however, that f values are subject to the
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Chart 1
a. (ref 1) b. (from Table II)
log P obsd calcd difference caled difference
A. chain branching
1. CH,;CH(CH,), 2.76
a. 3fcu, + fou 2.34 -0.42
(0.702) (0.236)
b. 3fcuy + fou + 20 + four 2.73 -0.03
(0.89) (0.43) (~0.12) (~0.13)
2. CH;C(CHy), 3.11
a. 4fcyy + fo 2.95 -0.16
(0.702) (0.14)
b. 4fcu; + fo + 3fp + 2fenr 3.14 +0.03
(0.89) (0.20) (-0.12) (-0.13)
B. group branching
1. HOCH(CH,), 0.05
a. 2fcug + feu + fou 0.20 +0.15
(0.702) (0.236) (-1.44)
b. 2fcu, + feu + fou + 2fp + Sour 0.11 +0.06
(0.89) (0.43) (-1.64)(-0.12) (-0.22)
2. H,NCH(CHj;), 0.26
a. 2fcuy + fen + fum, 0.26 0
(0.702) (0.236) (-1.58)
b. 2fcuy + fou + fum, + 2/ + fer 0.21 -0.05
3. HOC(CHy g 0.37
a. 3fcu, + fc + fou 0.81 +0.44
b. 3fcu, + fc + fou + 3 + Uent 0.43 +0.06
4. H,NC(CH,); 0.40
a. 3fcu; + fo t+ fumy 0.87 +0.47
0.53 +0.13

b. 3fc1-l3 + fe ‘*‘fm-[2 + 3y + 2o

2When both group and chain branching occur on the same carbon atom, it is treated as two group branches.

same proximity effects that = values are and that the frag-
ment concept cannot, as its originators claim, eliminate the
need for certain structural corrections such as chain and
group branching. This is shown in Chart I in which Nys
and Rekker’s f values are compared with those of Table II.
Adjusting Nys and Rekker’s fcy and fc values to fit the
branched alkanes would widen the discrepancy with the al-
cohols and amines.

Using the new alkane fragment constants in Table II, A,
a set of modified polar fragment values was calculated and
appears in Table II, B. Note that attachment to an aromat-
ic ring enhances the fragment value and attachment to two
rings usually enhances it further. The fragment value for
the phenyl ring is dependent upon the degree to which it
retains its = electrons after a substituent is attached. The
most direct way to obtain f4 for an “undisturbed” phenyl is
from % log Py—4 = (4.04) = 2.02. However, a log P of over 4
is difficult to obtain with a high degree of accuracy and,
since the log P of benzene has been measured with greater
care by more laboratories, it could be considered a more
suitable standard, especially since a reliable value for hy-
drogen is now available. We can consider that f, = log
PCsHs - Y% log Py, =213 - 0.23 = 1.90.

Nys and Rekker are correct in stating that partitioning
data do not, in themselves, lend support to the conforma-
tion where a side chain bearing a polar group is folded over
an aromatic ring.” This is borne out by the following exam-
ples where the polar group fragment constants from the
alkyl series (Table II, B) are suitable for use in mixed alkyl-
aryl solutes.

differ-
obsd caled ence
C¢H;CH,CH,0H
fegns + 2fcu, + fou + 2f, = 1.36 1.3¢ -0.2
C¢H;(CH;),0H
fegus + 3fcny *+ fou + 3f, = 1.88 1.88 0
C¢H;CH,CH,NH,
fegus + 2fcu, + fumy + 2f, = 1.41 1.44 +0.03
C¢H;CH,CH,CI
fegus + 2fcu, + fo1 + 2, = 2.95 3.04 +0.09
C¢H5(CH,),C1

3.55 3.58 +0.03

it

fcsﬂs + 3fCH2 + fa1 + 3f

It is hoped that this continued effort to measure partition
coefficients of solutes with structural features of basic im-
portance will enable log P calculations to be made with
greater reliability in the future, regardless of whether the
substituent or fragment approach is employed.
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R, Values of Phenols. Their Relationship with Log P Values and Activity
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The experimental R, values for a series of phenols were obtained by a reversed-phase TLC system. The extrapola-
tion from a range of linear relationship between experimental Ry, values and acetone concentration provided a set of
extrapolated R, values. This were used for studying the relationship between structure and activity in vitro and in
vivo. The possibility to obtain by means of the extrapolation technique the Ry, values in a standard system for sever-

al series of chemotherapeutic agents is pointed out.

The usefulness of the R, values in studying the correla-
tion of chemical structure with biological activity was
shown with bis(dichloroacetamides) and vitamin K ana-
logs,! penicillins and cephalosporins,? testosterone esters,3
and sulfonamides. The chromatographic R, values, as an
expression of the lipophilic character of molecules, were
shown to be correlated with the Hansch 7 values in series
of testosterone esters® and sulfonamides.4

In extending the use of a chromatographic technique for
the determination of R, values, we turned our attention in
this paper to a series of phenols. In particular the purpose
of the present work was to show that the present chromato-
graphic technique can provide the R, values of phenols in
a standard system, where they can be compared with other
series of chemotherapeutic agents. Another aspect of this
paper was to further point out the possibility of relation-
ships between partition data in different systems. Finally
some experiments were carried out in order to give an addi-
tional contribution to the study of structure-activity rela-
tionships of phenols.

Experimental Section

Materials and Methods. The phenols reported in Table I were
obtained from commercial sources. The experimental data of the
present work were the result of at least 4-8 determinations.

R, Values Determination. The chromatographic technique
for the determination of the R, values as an expression of the lipo-
philic character of molecules has previously been described.>¢ The
polar mobile phase was represented by veronal acetate buffer at
pH 7.4 in various mixtures (v/v) with Me;CO. The stationary non-
polar phase consisted of a silica gel G layer impregnated with sili-
cone DC 200 (350 ¢St) from Applied Sciences Laboratories. The
concentration of Me2CO in the mobile phase ranged from 5 to 55%.
The developed plates were dried and sprayed with tetrazotized
benzidine.” After a few minutes at 105° yellowish spots appeared
on a white background. The R, values were calculated by means of
the formula

R, = log (1/R; — 1)

Antibacterial Activity Determination. The phenolic com-
pounds were assayed against Staphylococcus aureus 16 R by
means of the turbidimetric method. Test tubes containing 4 ml of
brain heart (Difco) liquid medium were added with 0.1 ml of EtOH
solutions of phenols in order to obtain various serial dilutions. Fi-
nally 0.1 ml of an overnight culture of Staph. aureus was added to

each tube. Minimal inhibitory concentrations (MIC) were deter-
mined after an 18-hr incubation at 37°. In Table IV the MIC’s are
expressed as log 1/C values where C is the average molar concen-
tration which prevents the growth of microorganisms.

Hemolytic Activity Determination. The details of the proce-
dure have already been described.® A volume of 3.8 ml of phos-
phate-buffered saline was added to 0.2 ml of a rat erythrocytes
suspension. This was obtained by suspending the erythrocytes,
separated from 0.8 ml of rat blood, in phosphate-buffered saline to
a volume of 8 ml. EtOH solutions of the test compounds were fi-
nally added to the system in 1- to 10-ul amounts. Control and test
suspensions were incubated for 3 hr at 37°. After incubation all
suspensions were centrifuged and the optical densities of superna-
tants measured at 540 myu in the Bausch and Lomb colorimeter.
The results were expressed as percent of total hemolysis provoked
by distilled HoO by means of the formula

(OD of sample — OD of EtOH control) X 100
OD of distilled H,0 control

The linear relationship between the concentration of phenolic
compounds and the percent of total hemolysis allowed calculation
of the molar concentration of each compound provoking a 50% he-
molysis. This is expressed in Table IV as log 1/C. A “t” test
showed the statistical significance of the above linear relationship
for each compound.

LDjso Determination in Mice. Albino mice, weighing approxi-
mately 20-25 g each, were used. Five animals were injected at each
dose level. Dimethyl sulfoxide (MeSO) solutions of test com-
pounds were administered intraperitoneally. All mice were ob-
served over a period of 24 hr for their death rate. The LDj; values
were calculated by means of the Spearman and Karber method.?
In Table IV are reported the log 1/C values where C is the LDsp
expressed as M/kg. Some preliminary experiments were carried
out in order to rule out the possibility of toxic effects of Me;SO.

Results

R,, and Log P Values. The early results of the chroma-
tographic work had shown that the test compounds did not
move from the starting line when the mobile phase was
represented only by veronal acetate buffer. The addition of
acetone was necessary in order to obtain longer migrations
and therefore more reliable R,, values. The plots of the R,
values vs. the composition of the mobile phase showed that
for each compound there was a range of linear relationship
between R, values and acetone concentration. The straight
lines of Figure 1, where the data of only a few compounds



