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The addition of a CHI or CHI group to a parent structure normally increases the logarithm of the octanol-water 
or ether-water partition coefficient ( P )  by about 0.5. This fact has proved to be widely useful in the calculation 
of partition coefficients when the value of a parent compound is known. However, it has now been discovered 
that, when such groups are attached to certain electron-withdrawing functions, little or no increase in log P is ob- 
served. It is also 
important in understanding the nature of the “hydrophobic forces” between water molecules and apolar portions 
of organic compounds. 

This knowledge is important for the study of the additive-constitutive character of log I-’. 

In  this report we continue our study2 of the additive- 
constitutive nature of the partition coefficients of 
organic compounds between a water and an apolar 
phase. Additive-constitutive relationships break down 
sooner or later and further refinements must be intro- 
duced. It is now apparent that such a break often 
occurs between H-X and CHBX when X is a very strong 
electron-withdrawing function. The main driving force 
for such study comes from the use of partition coeffi- 
cients as systems for modeling “hydrophobic bonding” of 
organic compounds in biochemical systems. We wish 
to consider hydrophobic character from the point of 
view of Frank and Evans.4 Their view has been ex- 
tended by K a u ~ m a n n , ~  especially in connection with 
biochemical systems. Hydrophobic forces are still 
poorly understood and the term hydrophobic bonding 
is a controversial one, the use of which has been 
criticized by Hildebrand.O His criticism has been 
anmered by YCmethy, et a1.’ Since a completely 
satisfactory term to describe the forces which tend to 
stabilize or destabilize nonpolar molecules in an aqueous 
environment has not been formulated, we shall refer to 
these collective properties as hydrophobic. In  the 
present discussion we are interested in the forces which 
determine the equilibrium position of organic com- 
pounds when they are partitioned between an aqueous 
phase and an apolar solvent such as 1-octanol, ether, or 
benzene. 

It has been pointed out that, when an apolar molecule 
is placed in water, the water tends t o  form a flickering 
cluster’ or sweaterE about the apolar molecule. When 
the apolar molecules leave the aqueous phase during 
partitioning, this flickering cluster of water is lost. The 
increase in entropy in the removal of the loosely held 
water molecules is one of the main forces causing the 
apolar molecules to leave an aqueous phase to partition 
into an apolar phase, such as an organic solvent, or 
macromolecular phase, such as a protein or membrane. 
Many linear relationships between the binding of or- 
ganic compounds by apolar phases and the octanol- 
water partition Coefficients are now known.9 These 
same hydrophobic forces also play an important role in 
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determining the solubility of organic compounds in 
water.1° The partitioning might be partially illus- 
trated as in Figure 1, where x represents a water mole- 
cule. These loosely structured water molecules are 
more or less lost, depending on the nature of the apolar 
phase when the compound is partitioned out of aqueous 
phase. 

One of the interesting and important features of the 
partition coefficient is that it is an additive-constitutive 
property of organic compounds.2 It is now possible 
to calculate the partition coefficients of complex com- 
pounds from suitable reference molecules with con- 
siderable confidenceq2 The ability to calculate partition 
coefficients is very important in drug design,ll and it is 
for this reason among others that we have become very 
interested in the additive-constitutive character of the 
partition coefficient P.  For convenience, the discussion 
will be cast in terms of log P and T ,  where T is defined 
as ax = log PX - log Pn. In  this symbolism, PX refers 
to the partition coefficient of a derivative and PH refers 
to  that of a parent compound. TX is the logarithm of 
the partition coefficient of a molecular fragment such as 
CH,, Cl, NOz, etc. Our main concern in this paper is 
with electron-wit,hdrawing effects of substituents on T 
for CH2 and CHa functions. 

The T values for CH2 and CH, groups in a given 
solvent system such as octanol-water or ether-water are 
usually constant. This is apparent in Table I. Many 
such examples in homologous series are knowne2 The 
average T C H ~  for 15 different examplesz where CH2 is 
attached to a benzene ring is 0.50 ~ t :  0.04. 

We have now uncovered enough examples to make it 
quite apparent that a of about 0.5 per CH2 or CHg does 
not hold when a strong electron-attracting group is 
adjacent to the alkyl moiety. This can be seen in 
Tablc I, where acetic and formic acid have almost the 
same value for log P in the ether-water system. Other 
cases support this example so that this constitutive 
property can be utilized in more refined calculations of 
log P.  The examples of Table I1 illustratc the gmeral- 
ity of this phenomenon. 

In  seven out of the ten examples of Table 11, T is 
reduced from its usual value of about 0.5 to about 0.1. 
In  three of the examples the value of T is about one- 
half the normal value. 

for I, 
CH3(CH2)gn’+(CHa)3Br-, the log P of octanol-water is 
-0.16, and, for 11, CH,(CHZ)~N+H~C~- ,  it is 0.85, 

A more extreme example is the following: 
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TABLE 1 
ADDITIVITY OB Loa P - Octanol-water system - 7-- Ether-water system 7 

Compound 

CHaOH 

CaH7OH 

CiHsOH 

CsHiiOH 

CeHiaOH 

CizHzsOH 
Benzene 

Toluene 

Ethylbenzene 

Propylbenzene 

Registry no. 
67-56-1 

71-23-8 

71-36-3 

71-41-0 

11 1-27-3 

112-53-8 
71-43-2 

108-88-3 

100-41-4 

103-65-1 

TABLE I1 

Log P 
-0.66 

0.34 

0.88 

1.40 

2.03 

5.13 
2.13 

2.69 

3.15 

3.68 

COMPARATIVE PARTITION COEFFICIENTS 
Registry 

Solvent system Compound no. Log P a  

Ether-water HCONHz 75-12-7 - 2.85 
CHaCONHz 60-35-5 - 2.60 

Ether-water CHaCHO 75-07-0 - 0.48 
CHaCOCHa 67-64-1 -0.21 

Ether-water CEH~CHO 100-52-7 1.74 
CeHsCOCHa 98-86-2 1.75 

Benzene-water CsHaCHO 2.10 
CeHbCOCHa 2.20 

Ootanol-water CeHaCHO 1.48 
CEH~COCH~ 1.58 

Octanol-water CoHoNHCHO 103-70-8 1.15 

Octanol-water CHaCONHz -1.21* 
CHaCONHCHa 79-16-3 - 1.05 

Octanol-water HCOOH -0.54 
CHBCOOH -0.31 

Ether-water HCOOH -0.44 
CHaCOOH -0.34 

Ether-water (COOH)z 144-62-7 - 0.90 
CH%(COOH)z 141-82-2 -0.97 

Octanol-water HCON(CHa)a -1.01 
CHaCON(CHa)a -0.77 

Octanol-water HCONHZ -1.46 
CHaCONHa -1.216 

CEH~NHCOCI-I~ 103-84-4 1.16 

7T 

1 .oo 

0.54 

0.52 

0.63 

3.10 

0.56 

0.46 

0.53 

A log P 

0.25 

0.27 

0.01 

0.10 

0.10 

0.01 

0.16 

0.23 

0.10 

-0.07 

0.24 

0.25 

a Tlie log P values are from ref 2 or were experimentally de- 
termined. b Calculated from butyramide. 

calculated from the dodecyl derivative. Despite the 
fact that compound I contains three more CH3 groups, 
it is more hydrophilic than compound 11. In  view of 
the preceding and following discussion, it is not sur- 
prising that the three methyl groups attached to the 
nitrogen atom are not ((seen” in hydrophobic terms. 
Recent calculations by Pullman, et u Z . , ’ ~  make this 
understandable. They have shown that the positive 
charge “on nitrogen” in acetylcholine CH3COOCH2- 
CHzN+(CH3)3 is almost entirely dispersed onto the 11 
hydrogen atoms on the adjacent four carbon atoms. 

(12) B. Pullman, P.  H. CourriBre, and J. L. Coubeils, Mol. Pharmacal., 
7, 397 (1971). 

./CHa Compd 

0.50 

0.54 

0.52 

0.63 

0.51 

HCOOH 

CHaCOOH 

CzHrCOOH 

CaHiCOOH 

CiHsCOOH 

CsHiiCOOH 

Registry no. Log P P/CHI 

0.10 

0.56 

0.48 

0.56 

0.67 

64-18-6 -0.44 

64-19-7 -0.34 

79-09-4 0.22 

107-92-6 0.70 

109-52-4 1.26 

142-62-1 1.93 

0.56 

0.46 

0.53 
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Figure 1. 

The charge calculated for N is only +0.06, while most 
of the hydrogens carry charges of +0.07. 

After discounting the methyl groups of compound I, 
it is seen that compound I1 is still more lipophilic than 
I in the octanol-water system. This may be related 
to the fact that the more concentrated positive charge 
on the nitrogen in I1 is able to interact with oxygen in 
octanol more effectively. Octanol is more basic than 
water. 

A similar effect appears when a methylene group is 
placed between two benzene rings (Table 111). It 

TABLE I11 
,-Log P- 

Two 

Obsd rings Calcd 
Registry benzene 

no. 

O C H ~ ~  101-81-5 4.14 4.26 4.76 

86-73-7 4,18 4.26 4.76 

acb 613-31-0 4.25 4.26 5.26 
CHl 

mould appear in the three examples from Table III that 
the normal flickering cluster of water molecules does not 
form around the methylene groups; that is, log P for 
the whole molecule is simply that for the sum of two 
benzene rings. 

Another set of examples in which TCH, is much less 
than 0.5 is that of the following benzyl derivatives 
(Table IV). In  the set from Table IV, the calculated 
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TABLE IV 
---Log P-- 

CeHsCHGN 140-29-4 1.56 1.79 -0.23 
CeHsCHzOH 100-51-6 1 , l O  1.47 -0.36 
CsHsCHzCONHz 103-81-1 0.45 0.92 - 0.47 
CeH;CHgNHn 100-46-9 1.09 1.51 -0.42 
CeH6CHpCOCHa 103-79-7 1.44 1.84 - 0 I 40 
C B H ~ C H ~ ~ O O C H ~  101-41-7 1.83 2.46 - 0.63 

Compound Registry no. Obsd Crtlod A log P 

values are the sum of log Pbenliene + log PcH~X.  For 
example, log PC~H~CH~OH = log Pbeneene + log PCH~OH = 
2.13 + (-0.66) = 1.47. In  every one of the above 
instances, log P falls short of the calculated value and, 
except for the CN function, it is about one CHI short 
of the expected value. 

A single function operating only through the induc- 
tive effect does not appear to have as profound an effect 
on log P.  For example, log PI, = 2.49 :. log P E t r  = 
T E t  $- ’/z log PI ,  = 1.00 + 1.24 = 2.24. The experi- 
mental value for Et1 is 2.00. Again the observed value 
is lower than the calculated value, The agreement 
is closer in iodobenzene wherc the electronic effect of 
the benzene ring is present: log PC~H~I  = log P c ~ H ~  -I- 

log PI, = 3.37. The observed log P C ~ H ~ I  = 3.25. 
Of course, the validity of taking log PI ,  for the value 
of a covalently bound I is open to question and needs 
further study. 

There is no reason to predict a priori  that the effect 
upon the partition coefficient of replacing H by CHs 
would residc primarily in the structure of the solvent 
around those two groups. One must also consider the 
possibility that those t x o  groups will affect the solva- 
tion of the polar group, and that the polar solvation 
effect can explain the lack of a normal increase in hydro- 
phobicity produced when CHS replaces H. However, 
it will be seen that such a postulate leads to a predicted 
effect exactly the reverse of that observed. 

First of all, the methyl group releases electrons more 
readily than does a hydrogen. Since it more effectively 
satisfies the demands of the electron-seeking substitu- 
ent, it reduces its total polarity and thus decreases its 
affinity for the highly polar aqueous phase. Further- 

more, the methyl group is bulkier and might be expected 
to shield some of the polar group’s charge from the polar 
surroundings. Both these effects would tend to make 
the log P increment for the first methyl group greater 
than for subsequent ones, rather than smaller as is ob- 
served, and thus one concludes that they are of minor 
importance compared to that  of the reduction in elec- 
tron density in the methyl group. The greater posi- 
tive charge on the methyl group’s hydrogen atoms may 
reduce the electron correlation with the atoms of the 
water molecules and in turn reduce the structured 
nature of the aqueous envelope surrounding this first 
methyl group. 

Electron withdrawal makes the alkyl group more 
positive. One could argue that this positive char- 
acter provides the hydrogen atoms with some hydrogen- 
bonding character so that they have more affinity for 
the aqueous phase. This effect could simply offset t,he 
normal hydrophobic character of the CH, or CH2 func- 
tion. 

Another and more interesting possibility is that, 
when a CHs or CH2 group attains a certain degree of 
positive character, water molecules do not form as 
stable a flickering cluster around the group. Conse- 
quently, there is less or no desolvation when such a 
group moves from the aqueous to the apolar phase. 
If this is true, one must ask what are the predominant 
forces holding the envelope of water molecules about a 
hydrocarbon moiety. Since carbon atoms in alkyl 
groups are covered by hydrogens, it seems likely that 
it is the interaction of these hydrogens with the water 
molecules which produces the loose envelope of water. 
Assuming that the lack of hydrophobic character 
means the envelope of mater does not form, this could 
be attributed to  lack of electron correlation between the 
alkyl hydrogens and the atoms of the water molecule. 

The above observations, when taken with other 
information12 indicate that the partition coefficient can 
be a useful tool to the physical-organic chemist for the 
study of electronic influence on the interaction of 
solutes with solvents. 
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