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Determination of thermodynamics of halogen
groups in solutions of drug molecules

S. S. DAVIS

Pharmaceutics Research Group, Pharmacy Department, University of Aston in
Birmingham, U.K.

The contribution of the halogen groups (F, Cl, Br, I) to solute activity
and partition coefficients has been investigated using literature data.
The activity coefficient for an aromatic solute at infinjte dilution is
increased as the size of the halogen group increases. Partition
coefficients are affected similarly but there is variation among group
values for a given halogen. This is related to group position and the
partition solvent. Preferred group values for partition have been
selected and for different solvent systems mean preferred values can
be calculated for two general solvent classifications; polar and non-
polar. There is excellent correlation between group values and the
size of the halogen function as given by surface area. The group
values for non-polar solvents are related to those of the polar solvents
through the Hammett electronic substituent constant. The use of the
group values in structure-activity relations is discussed with reference
to the thermodynamic model of Higuchi and Davis.

It has been shown recently (Davis, Higuchi & Rytting, 1972; Davis, 1973) that the
thermodynamic properties of drug molecules in solution can be assumed to be an
additive-constitutive property of the various functional groups. Group values for
the free energy term (and possibly the enthalpy and entropy terms) can be determined
from experimental data and used subsequently in @ priori predictions of a multiplicity
of solution properties, (including solubility, partition behaviour) and in analyses of
the structure-activity relations of congeneric drug series. The methylene group was
examined by Davis & others (1972) and the methyl group by Davis (1973). 1In this
paper, various halogen functions in aromatic and aliphatic solutes and their effect on
activity and partition coefficients are covered in detail. Many data exist for the solubi-
lity and partition properties of halogenated aromatic organic compounds from which
group values can be calculated. However, the aliphatic halogenated compounds are
poorly represented and consequently few reliable group contribution values can be
determined.

ACTIVITY COEFFICIENTS

The halogenation of an aromatic compound gives rise to a higher activity coefficient
for the solute in water. That is, its water solubility will decrease. The effect on the
log of the activity coefficient per halogen is very nearly additive and mean group values
(A log v) can be calculated from the extensive compilation of Tsonopoulos (1970)
(Table 1). The group contributions increase as the size of the halogen function
increases. The halogen groups may be considered as being rather inert functions
such that the effects of halogenation and alkylation will be similar, but that the
dependence of the group contribution on size will be slightly different (Tsonopoulos,
1970). For example, chlorobenzene has a smaller molar volume than toluene, but
the latter has a lower activity coefficient in aqueous solution and therefore a higher
water solubility.
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Some group values for a-substitution in aromatic compounds can be also obtained
from the data for Tsonopoulos (1970). In general, these are smaller than the values
given in Table 1, but there are too few data to arrive at a quantitative value for the
difference between ring and «-substitution.

Table 1. Halogen group contributions to solute activity coefficients in water at infinite
dilution (Alogy,) (After Tsonopoulos, 1970.)

Number of solutes Van der Waals
Group Alog yoo considered radius (A)
F 014 " 1 1-35
Cl 070 14 1-80
Br 0-92 5 1-95
I 1-40 2 213

Solubility data for aliphatic halogenated compounds are meagre and those that
exist suggest that substitution by halogen can have a complex effect on the log activity
coefficient. For example, the data presented by Deno & Berkheimer (1960) indicate
that the addition of chloro groups to the same carbon atom in an aliphatic solute
produces an approximately additive effect, but their addition to different carbon
atoms in an aliphatic solute produces a variable result.

PARTITION COEFFICIENTS
Aromatic halogen

Partition coefficient data for halogenated aromatic solutes have been examined
critically as before (Davis & others, 1972; Davis, 1973) and group contributions to
the log of the partition coefficient (log F values) have been determined by comparing
the partition behaviour of a substituted compound with that of the parent compound
(Table 2). The data are classified in the first instance by solvent and then by the
position of the halogen function in the aromatic ring (2, 3, 4 etc.). Table 2 shows
that the group contributions are dependent on both the solvent system and the
position of the group. Halogen substitution in the 2 position results in a pronounced
interaction of the halogen with the functional group of the parent compound (electronic
and steric effects) and the group values are very different to those for the same sub-
stituent in the 3 or 4 positions. In general, 2-substitution results in a larger log F
value than for other positions if the organic solvent is non-polar and the converse if
the solvent is polar. This can be associated tentatively with dominant solute-solute
interactions in the first case and dominant solute-solvent interactions in the second
case since solutes containing halogen groups will exhibit a dipole. For polar solvents
there will be the chance for marked dipole-dipole interactions between solute and
solvent.

For those cases where the interaction between the halogen group and other func-
tional groups is minimal we have selected preferred group values as before (Table 2).
Within a given solvent classification, these values are reasonably constant and we are
able to list mean preferred values under two broad solvent classifications—polar and
non-polar (Table 3). In general, the group values for the polar solvents are much
higher than those for the non-polar solvents indicating that the presence of dipole-
dipole solvent-solute interactions results in a significantly higher value for log F.
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Table 2. Halogen group contributions (ring systems) to partition between water and
organic solvent.

Solvent and

Group X log Fy
Hexane
Cl 0-62*
Heptane
4F 0-00*
2C1 117
3C1 0-76*
4Cl 0-66*
0-78*
4Br 0-95*%
41 1-08*
Dodecane
4Br 0-66*
21 1:55
Cyclohexane
2F 045
025
3F —0-02*
0-10*
4F —0-13*
0-05
F 0-07*a
0-24*a
2C1 0-80
123
0-80
31 0-17%
0-87
0-55%
4Cl1 0-39*
0-67*
0-45%
0-34*
2Br 113
070
3Br 0-35
0-60*
4Br 0-78*
0-50*
3 0-67*
41 0-97*
Benzene
4F 0-29*
2C1 111
3Ci 0-93*
4Cl1 071
0-86*
3Br 1-20%
4Br 1-00%*
0-90*

* Preferred values.

System

Pentachlorophenol

Amphetamine
Aniline

I

Amphetamine
»
»

’

Phenol

I

Phenol
Conjugated
heterenoids
Phenol
Conjugated
heterenoids
Phenol
Conjugated
heterenoids
Pentafluorophenol
Trifluorophenol
Phenol
Aniline
Conjugated
heterenoids
Phenol
Aniline

Conjugated
heterenoids

Phenol

Aniline

Conjugated
heterenoids
Methylphenol
Phenol
Conjugated
heterenoids
Phenol
Conjugated
heterenoids
Phenol
Conjugated
heterenoids
Phenol

»

Phenyl boronic
acid
Aniline

Aniline

Phenyl boronic
acid

Aniline

Aniline
Aniline

Phenyl boronic
acid

Halogen(s) not ortho to polar function, sterically hindered efc.

a) Value per Halogen atom.

Reference

(1st author only)

Parker (1965)

Beckett (1969)
Kemula (1968)
and Leo (1971

Beckett (1969)

»
»

Burton (1964)

Pinney (1969)
Currie (1966)

Pinney (1969)
Currie (1966)

Pinney (1969)
Currie (1966)

Pinney (1969)

Burton (1964)
Kemula (1968)
Leo (1971)
Currie (1966)
Burton (1964)
Kemula (1968)
and Leo (1971)
Currie (1966)

Burton (1964)
Kemula (1968)
and Leo (1971)
Cutrie (1966)

Burton (1964)
Burton (1964)
Currie (1966)

Burton (1964)
Currie (1966)

Burton (1964)
Currie (1966)

Burton (1964)

”

Soloway (1960)

Kemula (1968)
and Leo (1971)
Williams (1930)
Soloway (1960)

Kemula (1968)
and Leo (1971)
Flurscheim
(1910) and
Leo (1971)
Flurscheim
Soloway (1960)

Solvent and

Group X log Fy
Toluene
2Cl1 0-69
3Cl 0-70*
4Cl1 0-82*
Xylene
2C1 020
21 127
Carbon tet.
2Cl1 1-48
3Cl 1-12
4C1 1-06
CCJ,/CHCl,
4F
Chloroform
2C1 0-40
070
3Cli 0-50
0-53*
0-34*
4C1 122
0-14
0-38*
0-42*
Cl 0-49*
6C1 0-05
3, 4C! 0-38%a
5,7C1 0-64a
2Br 041
3Br 1-54
0-70*
4Br 0-63%
6Br 021
5, 7Br 0-79a
21 0-59
050
31 1-02*
5,71 079
Oils
4Cl 1-13
4Br 1-61
41 1-38
Ether
F 0-19*
2C1 0-30
Cl 0-70*
21 1-27
41 0-88
Methyl
dodecanoate
2F —0-21
3F 0-35*
2C1 0-13
3C1 0-75*
4Cl 0-97*
0-82*
2Br 0-27
3Br 0-91*
Isobutanol
Ct 0-21
Br 077
1 097
Cyclohexanol
3Cl1 0-85*
Cyclo-
hexanone
3Ct 0-82a
Methyl
isobuty!
ketone
3Cl 0-78*

System

Benzoic acid
”

»

Benzoic acid

I

Aniline
»

»

Alkyl sulphate
ion pairs

Benzoic acid
Sulphonamide
Sulphonamide
Sulphanilamide
Benzyl
piperidines
Benzoic acid
Amphetamine
Sulphonamide
Benzyl
piperidines
Phenothiazines
Quinolinium
compounds
(Lon-pair)
Sulphonamide
8-Quinolinol
Benzoic acid

Sulphanilamide
Sulphonamide
Quinolinium
compounds
{lon-pair)
8-Quinolinol
Benzoic acid
Quinolinium
compounds
(ion pair)
Sulphanilamides
8-Quinolinol

Phenylacetic acid

Steroids

Benzoic acid

Steroids

Benzoic acid

Benzene sulphonic
acid

Phenol

Meiilyl phenol
Phenol

n

Sulphonamides

Reference

(Ist author only)

Smith (1929)

”
»

Smith (1921)

»

Kemula (1968)
and Leo (1971)

”

Harris (1971)

Smith (1929)
Kakeya (1969)
Kakeya (1969)
Garrett (1969)
Quintana (1967)

Smith (1929)
Vree (1969)
Kakeya (1969)
Quintana (1967)

Persson (1968)
Plakogiannis
(1970)

Kakeya (1969)
Dyrssen (1956)
Smith (1929)

Garrett {1969)
Kakeya (1969}
Plakogiannis
(1970)

Dyrssen (1954)
Smith (1921)
Plakogiannis
(1970)

Garrett (1969)
Dyrssen (1956)

Bittenbender
(1939)

Flynn (1971)
Smith (1921)
Flyna (1971)
Smith (1921)
Keston (1950)

Burton (1964)

”

Scholtan (1968)

»
2

Phenoxyacetic acid Leo (1971)

Phenoxyacetic acid Leo (1971)

Phenoxyacetic acid Leo (1971)
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Table 2—cont.
Solvent and Reference Solvent and Reference

Group X log Fy System (Istauthor only) Group X  log Fy System (Istauthor only
Octanol i Octanol
2F 0:01  Phenoxyacetic acid Fujita (1964) 0:71*% Benzene Fujita (1964)
0:04 Phenylacetic acid 5C1 0-43  Benzothio- Topliss (1972)
0-25  Phenol Leo (1971) diazines
024  Phenol 6Cl 0-89* Benzothio- Topliss (1972)
032 Aniline A i . diazines
3F 0-13  Phenoxyacetic acid Fujita (1964) 0-69* Quinolines Leo (1971)
0:19* Phenylacetic acid 0-59  Quinazolinones Whulfert (1969)
0-28* Benzoic acid 7Ct 0-91* Benzothio- Topliss (1972)
0-47  Phenol diazines
040  Aniline 0:57  Quinazolinones Waulfert (1969)
0-36* Aniline Leo (1971) 8Cl1 0:35 Quinazolinones Waulfert (1969)
0-46  Phenol L = 029  Quinolines Leo (1971)
4F 0-15* Phenoxyacetic acid Fujita (1964 2Br 0-75  Phenoxyacetic acid Fujita (1964)
0-19* Phenylacetic acid 089  Phenol
0-28* Benzoic acid 1-35  Aniline Leo (1971)
0-31  Phenol 1-88  Phenol
025  Aniline . 3Br 0-94* Phenoxyacetic acid Fujita (1964)
0-33  Phenol Machleidt 0-91* Phenylacetic acid
(1972) 0-99* Benzoic acid
0-21* Aniline Leo (1971) 1-17  Phenol
0-30*  Phenol 0-79* Nitrobenzene
0-31* Acetanilides PDearden (1971) 1-16* Aniline Leo (1971)
0-14* Benzene Fujita (1964) 1:06* Phenol
6F 0-08  Quinazolinones  Waulfert (1969) 4Br 1-02* Phenoxyacetic acid Fujita (1964)
2C1 0-59 Phenoxyacetic acid Fujita (1964) 0-90* Phenylacetic acid
0-11  Benzoic acid 0-98* Benzoic acid
069  Phenol . 1-13  Phenol
0-43  Sulphonamide Kakeya (1969) 1-17* Phenol Machleidt
0-72 Toluene Leo (1971) (1972)
097  Aniline 1:05  Sulphonamide Kakeya (1969)
070 Phenol 5 1-32  Aniline
0-64  (-Nitrostyrenes Currie (1966) 1-20* Phenol Leo (1971)
0:69  Phenol Machleidt 1-13*  Acetanilide Dearden (1971)
L, a1 Br 0-86% Benzene Fujita (1964)
3Cl1 0-76* Phenoxyacetic acid Fujita (1964 5Br 045  Benzothio- Topliss (1973)
0-68* Phenylacetic acid diazines
0-83* Benzoic acid 6Br 1:08* Benzothio- Topliss (1972)
1-04  Phenol diazines
098  Aniline 7Br 1:08* Benzothio- Topliss (1972)
0-61* Nitrobenzene diazines
0-98* Sulphonamide Kakeya (1969) 092  Phenoxyacetic acid Fujita (1964)
0-58* Toluene Leo (1971) 0-53 Benzoicacid
0:95* Anilines 119  Phenol Leo (1971)
1-02* Phenol 240  Aniline
0-46  3-Nitrostyrenes  Currie (1966) 1-44  Phenol
4Cl1 0-70* Phenoxyaceticacid Fujita (1964) 31 1-15* Phenoxyacetic acid Fujita (1964)
0-70* Phenylacetic acid 1-22* Phenylacetic acid
0-87* Benzoic acid 1-28* Benzoic acid
0-86* Benzyl alcohol 1-47  Phenol Machleidt
093  Phenol (1972)
0-54* Nitrobenzenes 152 Phenol Leo (1971)
0-53* Sulphonamides Kakeya (1969) 2-04  Aniline
0-63* Toluene Leo (1971) 1-18* Phenol
1-12  Methyl phenol 41 1-26* Phenoxyacetic acid Fujita (1964)
0-89*  Aniline 1-23* Phenylacetic acid
0-95*% Phenol X 1-14* Benzoic acid
0-33  B-Nitro-styrenes  Currie (1966) 1:45 Phenol
0-71* Acetanilides Dearden (1971) 2-46  Aniline Leo (1971)
0-87* Phenol Machleidt 1-44* Phenol
. (1972) 1-30*  Acetanilide Dearden (1971)
2, 3Cl 0-92a Anilines Leo (1971) 1 1:12* Benzene Leo (1971)
2,4C1 0-88a » . 51 0-61  Benzothio- Topliss (1972)
3, 4C1 0-57*a Sulphonamides Kakeya (1969) diazines
2, 4,6C1  0-67a Phenol Helmer (1968) 71 1:32% Benzothio- Topliss (1972)
0:71  Pentachlorophenol Leo (1971) diazines
Oleyl
Alcoho
2F —0:07 Phenol Pinney (1968)
3F 0-37* and
4F 0-27* Burton (1964)
F Q:22* Tetrafluoro- Pinney (1968)
phenol
0-22* Pentafiuoro-
phenol
2C1 0:02 Phenol Burton (1964
3Cl 0-55* Phenol
4Cl1 0-81* Phenol
0:67* Methyl phenol
2,4Br 0-40a Phenol
2,41 0-67a Phenol

® Preferred values. Halogen(s) not ortho to polar function, sterically hindered etc,
(a) Value per Halogen atom.
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Table 3. Mean preferred values for log Fy,. (Figure in brackets is number of
values taken for calculation of mean).
Non-polar solvents Polar solvents
Cyclo- Me Cyclo- Cyclo- Me
Halo- Hept- Dodec- hex-  Benz- Tolu- Dodec- Oct- Oleyl hex- hex- Isobu-
gen |Hexane ane ane ane ene ene CHCl; | Ether anoate anol alch. anol anone ketone
F — 0-00 — 0-05 0-29 —_ —_ 0-19 0-35 0-23 027 — - —
() ©) (€3] [¢Y] {1 an @
Cl — 073 — 047 0-83 —_ 043 070 085 076 0:68 0-85 082 078
3) “) ) ©) (1) & @3 3) @ [¢)] [6)]
Br 062 - 066 0-56 1-06 076 067 — 091 1-02 — —_ — —_
® [¢)] @) 3 @ @ @ a4
I — — — 082 - — 102 — — 124  — — — —
) [¢)) 10)

To study these differences further we have calculated weighted means for the data
under the two broad headings and have compared these with other group values and
parameters describing group size (Table 4). Data for the hydrogen atom have also
been included ; by definition this has a group value of zero. The correlations between
our log F values and other parameters have been tested using linear regression and
since the same number of data is being employed in each case, the correlation coeffi-
cient can be used as an estimate of the goodness of fit (Tute, 1971).

Three earlier group approaches to solution behaviour are considered: Irmann
(1965)-solubility, McGowan (1952, 1963)-partition coefficients and Tsonopoulos
(1970)-activity coefficients. For both solvent classifications the best correlation is
obtained with the data of McGowan (1952, 1963). These values were derived from

Table 4. Correlation between group contribution log F and group size.

Group value

(log F)
weighted Group values Group Hammet
Group means (lit.y radii (e) Group volume Group area 4
4-pos. in
aromatic
a; a, b c d € e 1 g h i k fs 1 m n
H ()] : 0 0 1-00 030 344 300 37 149 168 0 078 857 66 24 0
F 007 024 019 019 014 135 064 580 861 105 1511 265 012 1-10 165 97 48 0-06
Cl 056 077 067 073 070 180 099 12:0 21-1 221 2296 560 048 182 3119 142 79 0227
Br 075 100 079 098 092 195 114 146 275 270 2619 695 064 209 380 166 90 0-232
I 091 24 112 122 140 215 133 196 378 370 3293 905 090 2-51 452 202 111 0276
P
goln- — 0994 0-990 0-997 0-984 0-978 0-972 0-987 0-986 0-982 0-978 0-991 0-991 0-992 0-992 0-983 0-979
olar
solv.
Pollar 0994 — 0987 0999 0-986 0993 0991 0992 0-993 0-993 0973 0994 0-994 0-999 1-000 0-995 0-995
solv.
(a) a, Non-polar solvents a, polar solvents: Values are weighted means of values in Table 3.

Group values taken from Irmann’s (1965) empirical solubility relation.

Group values calculated from McGowan’s (1952, 1963) partition coefficient relation.

Values for activity coefficient contributions—Tsonopoulos (1970).

e, van der Waals (A), e, covalent: Values for Courtauld atomic models.

Values from Bondi (1964): f;-cm® mol-! f; = (cm® mol-) x 10°

Group area values calculated from Courtauld molecular models A).

Group volume equivalent at boiling point: Values from Glasstone & Lewis (1963).

Molar volume increment (Exner, 1967a).

Parachor (Exner, 1967b).

Adjusted parachor values: P* = 0-12 (Ps — Pa) (McGowan, 1956).

Group area values calculated from Courtauld molecular models (A%).

(Parachor)!/®.

(Molar volume)*/®.

Group values for hydrogen are zero by definition.

Statistical Analysis of data. Correlation coefficient,
linear regression.

Correlation between goup contributions and other group parameters using
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estimates of the group parachor (P) and empirical interaction energies (E,) derived
from solubility studies.

log Fyx = 0:12 (Ps — Py) + (EX — EY) .. .. .. 1
Where S and H refer to the substituted and parent compounds respectively.

An exact agreement between the log F values and the A log yy values of
Tsonopoulos would be expected if the halogen groups behaved in an ideal manner in
the organic solvents used for partition since the partition coefficient (K,,) is related
to the activity coefficients for the solute in water and organic solvent (o).

log K, = log y5 — log % . .. .. )

and thus log F, = A log y§ — Alog y2 .. ?3)
In fact, Table 4 suggests that the halogen groups deviate positively from Raoult s
law in non-polar solvents and negatively from Raoult’s law in polar solvents. That
is, in the first case there are dominant group-group interactions and in the second case
dominant group-solvent interactions.

Halogen groups should act to withdraw electrons from the ring allowing it to
interact more strongly with nearby solvent molecules (water or polar organic solvent)
and we have therefore, examined multiple correlation between non-polar and polar
group values and the Hammett (1940) electronic substituent constant (¢) (a measure
of the electron withdrawing capacity of the substituent). This approach is similar
to that described by Wulfert, Bolla & Mathieu (1969) who suggested that the electronic
properties of a substituent can affect solubility. The equation from a multiple
regression analysis is

log Foar = 0:99 log Fonpotar + 0:960 +- 004 .. . 4
(correlation coefficient = 0-995, standard deviation = 0-07), and since the two
coefficients are almost unity and the constant is almost zero, we can write

log Fooar 2 10g Froppotar + 0 . .. .. .. (6))

There are also reasonable correlations between log F and parameters that describe
group size. The best fit being obtained with group area as determined from atomic
models (Fig. 1). This close dependence of the halogen group contributions on
group area is in line with the suggestion that the energy for hole formation in the
solvent (into which the solute is placed) is dependent on the surface area of the solute
rather than its volume (Langmuir, 1925; Miller & Hildebrand, 1968; Harris, 1971;
Hermann, 1972).

Aliphatic halogen

There are few data in the literature that can be used to calculate the effect of halogen
substitution on the partition coefficients of aliphatic organic solutes (Table 5). The
derived log F values are highly dependent on the organic solvent used for the partition
experiments. For the case of cyclohexane Currie, Lough & others (1966) have shown
that the aliphatic group values are very similar to those calculated for aromatic
substituents, whereas for octanol the group values are much smaller. Hansch &
Fujita (1964), Hansch & Anderson (1967) and Harris (1971) have attempted to
rationalize the difference in the behaviour of aliphatic and aromatic halogen sub-
stituents on the basis of electronic effects and the attendant solute-solvent interactions.
Harris (1971) has made a notable contribution by splitting the group contribution to
the free energy of transfer (—2-303 RT log F) into enthalpy and entropy components
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systems.

(Table 6). In particular, a specific solvation effect associated with the fluorine group
is a consequence of a positive enthalpy and entropy of transfer for the aromatic
substituent in comparison to negative values for these terms for the group as an
aliphatic substituent. Further studies along these lines would be of great interest
and would allow us to extend the group contribution approach.

STRUCTURE-ACTIVITY RELATIONS

Higuchi & Davis (1970) have developed recently a model for structure-activity
correlation that is based on the assumption that the prevailing condition during drug

Table 5. Log F values for aliphatic halogen substituents.

Solvent F Cl Br 1 Solute Reference
(1st author)

Cyclohexane —_ 0-70 0-90 — Conjugated Currie (1966)
heterenoids

CHCl,/CCl, 0-03 0-32 0-56 — Alkyl sulphate  Harris (1971)
Ion-pairs

1-Octanol —0-73 —0-13 0-04 0-22 Alkyl Iwasa (1965)
benzenes and Leo (1971)

Table 6. Thermodynamic values for various organic groups obtained from the extrac-
tion equilibria of dextromethorphan alkyl sulphate ion-pairs between water
and 25 %, v[v CHClg in CCI, (Harris, 1971).

A(AG) A(AH) A(AS)
Group cal mol-?! cal mol—! cal deg—? mol—* F
Br —807 —1789 —3:24 3-80
Cl aliphatic —439 —1203 —2-52 209
F —38 —449 —1-36 1-06
4-F-aromatic —179 — 1-41 1-35

1 cal mol-! = 4:184 J mol-1.
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distribution will be one of thermodynamic equilibrium or pseudoequilibrium.
Furthermore, they assumed that the biological test system is represented by many
compartments, biological activity is proportional to the active sites occupied and the
drug will be distributed to the various compartments and only an insignificant
amount will be attached to the receptor site. They have considered firstly the passage
of the parent drug from an aqueous phase through various lipoidal compartments to
the receptor site and then the passage of the substituted drug, undergoing the same
process. The important quantities in the model were the partition coefficients for
transfer of the drug from agueous phase to the various lipoidal compartments and to
the receptor site for both the parent drug and the substituted drug and the volumes of
the aqueous (V,,) and lipoidal (V)) compartments (the volume of the receptor site
was assumed to be negligible). Using this model, they were able to derive a simple
equation that related R (the ratio of the quantity at the receptor site of the sub-
stituted drug (E) relative to the parent drug (E*)) to therespective partition coeflicients
and the volumes of the various compartments

R = E/E* = K; (Vy + = Ki* V)
Z
: (6)

Kr*(Vw + E K Vi)
i=1

On putting sensible values for the various parameters into equation (6) Higuchi &
Davis (1970) were able to obtain for a two compartment model analysis of drug
distribution, a parabolic relation between the logarithm of the R value and the
number of carbon atoms in a homologous series and their model provided a simple
equilibrium explanation for the well known bell-shaped relation between the logarithm
of a biological response and drug lipophilicity. The one necessary assumption for
the parabolic relation was that the affinity of the lipoidal compartment for the
methylene group (CHy) is greater than the affinity of the receptor site for the CH,
group. In other words, the receptor site is more polar than a general lipoidal
compartment.

A similar analysis can be conducted using the data for the halogen substituents
in Table 4. The F values for the lipoidal compartment are taken as being equivalent

200
100

1 t 1 1 1 J
1 2 3 4 5 6
Number of halogen groups

FiG. 2. Two-compartment model analysis of drug distribution (Higuchi & Davis, 1970) Kp* =
06, Vw = 1, V; = 1. F: and F, values taken from Table 4.
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200
100+

log 1/c

Fic. 3. Relation between R and minimum inhibitory concentration (c) for phenols vs Ps aerugin-
osa (Burton & others, 1964), Vy = 1:0, V; = 0:05, Ko* = 0-60.

to those for the non-polar solvents and the F values for the receptor as those for the
polar solvents. A two compartment analysis shows that the log R value increases
approximately linearly with the number of added halogen groups and that I>Br>Cl
>F (Fig. 2). The shapes of the curves are altered by the choice of lipid compartment
volume and the partition coefficient of the parent compound but the overall pattern
is not changed. Included in the plot are values of R for methyl substitution; polar
and non-polar group values were taken from Davis (1973). In this case the R value
passes through a maximum and eventually becomes less than unity. The model can
also be used to test combinations of halogen groups and methy! and halogen groups.

As yet, Fig. 2 and similar plots cannot be satisfactorily compared with in vivo data
since few systematic structure-activity studies have been conducted with polyhalogen-
ated compounds. Data for antimicrobial agents provide a special case where Vi
<Vy. Double log plots of R versus (1/c) where ¢ is the minimum inhibitory con-
centration are shown in Figs 3 and 4.
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Fic. 4. Relation between R and (1/c) for benzyl alcohols vs S. aureus, S. albus, Strep. faecaelis
(mixed culture) (Khorna & others, 1967). Vg = 1-0, V; = 0-05, Kp* = 0:60.
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