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Abstract—A simple structureproperty correlation equation was suggested for estimating the distribution
factors of compounds in the octanalater system. The ways of taking into account the conformational
features of molecules are discussed. The parameters of the correlation equation are determined from a limited
set of test examples.

We have described in [1] a method allowing fairly the change in log&, AlogP;
accurate estimation of the distribution factor (Rygn
the octanolwater system of various classes of organic AlogP; = k(§ - §) = kAS 1)
compounds with a‘stretched conformation in which
interactions betweefiremoté& fragments are insignif- wherek is a parameter, andS is the difference be-
icant. However, in large molecules, fragments septween the accessible surface areas of confornhers
arated by a large distance in the chain can closelgnd j.
approach each other in the space, so that their inter-
action cannot be neglected; in such cases the estima-In terms of this approach, the same paramdter
tions according to [1] do not give adequate resultsshould describe both the I&gvalues for molecules
This is due to the lack of the required experimentabnd the AlogP values for various conformational
data and to difficulties in adequate estimation of thes&ansitions. It would be easier if these quantities were
interactions, since the integrals describing these intedescribed by independent parameters.
actions include various correlation functions whose
estimation in relation to the molecular conformation Another possibility is provided by the approach
is impossible without sophisticated calculations. suggested in [1]. Using this approach, we can estimate
with a good accuracy Idg for molecules in thdérans
¥onformation, and then, reasoning in terms of the per-
turbation theory, we can assume that transition into
another conformation is accompanied by a change in
the accessible surface area of the molecule and hence
in logP according to Eq. (1). In this case, IBgf the
molecule in conformation will be given by

i, Will be given by

However, the problem is urgent, and it is necessar
to look for ways to solve it. At present, the 1&g
values for large molecules are approximately esti
mated assuming that I&yis proportional to the ac-
cessible surface area of the molecule-62

logP = k; + kS

where k; and k are parameters (constants), aBds logP; = 10gPyans + KS ~ Srand = 109Pyans
the surface area of the molecule accessible for solvent KA 5
molecules. + KAS yans 2)

A change in the molecular conformation causes a Here, AlogP; will also be determined by Eq. (1),
change in the accessible surface area and hence bt the value and physicochemical sense of param-
logP. In going from conformation to conformatiory,  eterk will be different. In many caseslogP; is much
less than log®; and logP;, and even if it will be deter-
mined with a large error, the values of IBgand
1 For communication 1ll, see [1]. IogPJ- will be considerably more accurate.
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Table 1. Values of log?; 4, AS; , and parametek for model benzene derivatives

Molecule logp [7] | EXPression for o\ yogp, 4| 5 A2 | ASue |k
[Eq. (3)] A

1,4-Dimethylbenzene 3.15 A 310.2
1,2-Dimethylbenzene 3.12 A + logP; 4 -0.03 302.1 -8.1 | 0.0037
1,3,5-Trimethylbenzene 3.42 B 339.9
1,2,3-Trimethylbenzene 3.61 B + 2 logP; 4 +0.192 324.5 -15.5
1,2,4,5-Tetramethylbenzene 4.00 C 355.2
1,2,3,4-Tetramethylbenzene 3.98 C + logP; 4 -0.02 347.4 -7.3 | 0.0027
Pentamethylbenzerfe (4.58) D 401.4
Pentamethylbenzene 4.56 D + 4 logP; 4 -0.02 370.4 =31 0.0007
Hexamethylbenzen? (5.07) E 431.9
Hexamethylbenzene 4.61 E + 6 logP; 4 -0.46 385.5 -46.4 | 0.010
1,4-Dimethylnaphthalene 4.37 F 359.3
1,8-Dimethylnaphthalene 4.26 F + logP; 5 -0.11 349.4 -99 | 0.011

& This may be an erroneous result. It is obvious, from the general knowledge, thiabfoly2,3-trimethylbenzene should be lower
than that of 1,3,5-trimethylbenzen‘élogP was calculated by Eq. (3) assuming no interactions betweengtblips (= 0).

Here we demonstrate the ways of chooskignd interacting CH groups). The average value of IIBgH3
the potential of our approach. estimated from these data is +0.49.

Apparently, the solution of the problem involves |n some cases the contribution IBg , can be
consideration of a series of previously studied moledetermined from experimental data. For example, the
cules havmg different conformatlons, for each Ofdiﬁerence between |d§ of 1,2-dimethy|benzene and
which the log® values would be known from the 1 4-dimethylbenzene gives I8y , etc. However, to
experiment or their accurate estimates would be avaikstimate lod, , from data for hexamethylbenzene,
able. Unfortunately, such data are very few. Actuallyjt is necessary to calculate I&gfor the case ifl...4

we consider below all the examples known by us. INnteractions were absent. This can be done using
what follows, we used the experimental data onRog Eq. (3), assumingn = 0.

from [7]. The accessible surface areas were calculated _ _
by programs based on the method in [8]. The resulting values of ldg, , corresponding to
interaction of o-methyl groups and the accessible

_The simplest examples of molecular conformerg,itace areas and parametkrsf benzene derivatives
differing in the relative positions of the GHyroups ;.o jisted in Table 1.

are benzene and naphthalene derivatives. Apparently,
logP for ann-methyl benzene derivative can be approxi- It is seen that the calculated values of Ryg , are
mately estimated as the differences between the close values ofAgg
logP; is determined with an error of(0.01-0.10),
~ + and the errors in determination of 1&g , exceed
109P(CHY Cotto, = 109PCeptg * 110GPcr, * MOGPy. 4 () this level. Therefore, determination dx??rcfm these
data is impossible. It is necessary to find examples in
which the effect from the mutual approach of groups
would exceed.2. Such effects are observed in methyl
ethyl and diethyl benzene derivatives (Table 2).

where Iog3C6H6 is the logarithm of the distribution
factor of benzene in the octarelater system;
logPcy, is the contribution from introduction of one
CHj; group; n is the number of Cklgroups; lod®?; ,
is the contribution from interaction of two GHyroups In these cases, the effect from mutual approach of
in the o-position (1...4 interaction). For CHgroups the groups exceeds the error in experimental determi-
in the m andp-positions, such contributions are takennation of logP of different conformers, so that the
as zero (no interaction between CHyroups). resulting values ok are reasonable. Apparently, the
second value ok obtained from data for diethylben-

The logP.y, values are determined from the exper-éene is more probable.

imental data for benzene, toluene (one noninteractin
CHj; group), 1,4-dimethylbenzene (two noninteracting The effects from mutual approach of the Chhd
Ch; groups), and 1,3,5-trimethylbenzene (three non€H, groups can be estimated from comparison of the
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Table 2. Values of logP, accessible surface areas, and coefficierior methyl ethyl and diethyl benzene derivatives

Expression for lo@ ZlogP; = ¢ ¢
Molecule logP [7] [Eq. (3)] AIogJP S A AS A k
1,4-Methylethylbenzene 3.90 A 336.7
1,2-Methylethylbenzeng  3.53 A + logP; 4, + logP; & -0.37 326.7 -10 0.037
1,4-Diethylbenzene 4.45 B 362.4
1,2-Diethylbenzene 3.72 B+ logP; 4+ 2logP; £+ -0.73 347.6 -15.3 0.048
+ logP; &

@ Contributions from interaction of remote groups:

CHo log P1..4 CHp log Py..g
' i 7ICH
i /CH3 i i |0g3P1...6
i/log P1..5 L~CH3
CH3 CHs

Table 3. Values of logP, accessible surface areas, and distribution factors of molecules isoelectronic pathdGG

Molecule logP [7] AlogP AAlogP S A? AS AZ | AAS A? ka
n-CsHy 3.39 278
n-C/Hyg 4.66 1.27 338 60
CH;OCH,0CH;, 0.18 257
C,H:OCH,0C,H5 0.84 0.66 -0.61 309 52 -8 0.082

& k = AAlogP/AAS

logP values for molecules whose preferable structures Data on such molecules, from which it is possible
are close to the trans conformations and for those ito estimatek, are listed in Table 3.

Conformation resulting In_ mutual approash of the, Te resuling value ok appeated to be larger than
terminal groups. The chain lengthening in such molelat determined in the previous examples, which is
' robably due to the fact that in calculations we con-

cules should lead to different effects. For example, i} :
going from pentane to heptane and from diethyl tc idered only the major conformers, whereas the other

dipropyl ether, lo@® changes by 1.27 and 1.14, re_conformers,' whose content in the equilibrium mixture
spectively. However, in going from dimethoxymeth-COUId be significant, were neglected.

ane CHOCH,OCH,; to diethoxymethane {1;OCH,- Apparently, such effects can be found in molecules
OC,H5; (molecules isoelectronic with pentane andof the type R(CH),R, where R is a bulky hydro-
heptane), lo§ changes by only 0.66. This difference phobic group, e.g., CH=C§l C(CH;);, CsHs, andn
between acetals, on the one hand, and hydrocarbotekes the values from 1 to 5. However, from this seri-
and ethers, on the other hand, is due to the fact thas, we found data only for three benzene derivatives
the anomeric effect produced by repulsion of the longTable 4).

electron pairs of the O atoms causes the acetal to take

the following conformation: In going from diphenylmethane to dibenzyl and

1,3-diphenylpropane, the number of Clgroups in
“J the molecule successively increases, and, assuming
RSN no interaction between the phenyl rings, we should
Q C,) expect increase in Idg along this series. However,
' 1,3-diphenylpropane actually exhibits the lowestRog

In this conformation, the terminal groups, in con- Whereas in the preferable conformation of dibenzyl
trast to pentane and heptane, approach each othertive phenyl rings are remote from each other and no
space. interaction between them can be assumed, in the
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1,3-diphenylpropane molecule the phenyl rings apTable 4. Values of logP for some benzene derivatives
proach each other:

Molecule l(E%P log PI [1] Exlpre;sioln for
(exp.) (calc.) ogP [1]
CgHs5CH,CeHs 4.14 4.06 A
CgHs(CH,),CgHs | 4.79 459 [A+o+B+2y
The accessible surface area tbfs conformation, CgHs(CH,);CgHs | 3.43 518 + |A+ 20+ 2B+
as compared to the stretched conformation, decreases logPpn_pn |27 *+ 109Pp; P

by 23.8A. Specifically mutual approach of the phenyl
rings gives rise to the contributio®y,. 5, from inter-

action of the phenyl rings. From the experimental datdable 5. Characteristics of some conformers of 854
and calculation assuming no interaction, we obtair

Peh.pn = 3.43 — 5.18 = -1.75, and hencek = Relative Relative
1.75/23.8~ 0.072. Conformer?| energy, S A? content,
kcal mof? x1072

From the above examples, we obtained four, sig-
nificantly different values otk (0.037, 0.048, 0.082,

and 0.072). However, at present it is impossible tq .(;;.auche ~86 jgg'g (1)'(157
assess their reliability; therefore, we will suggest the, gauche ~1'0 ~479'5 4.6
mean value of 0.06. It should be noted that in all the, gauche 15 4723 o5
above reasonings it was implicitly assumed that th 99 5.26 411'3 >0'01
molecules in question occur either in trans conforman-‘Pin,?> 2:53 415:1 '

tion or in a certain more compact conformation. Actu-
ally, however, not only the most preferable but alsg
some other similar conformations may be more com-
pact, which will result in overestimatetiS and hence
underestimatedk. Along with the above-discussed
data, only experimental data for linear,and G,
hydrocarbons are available to us [7]. Their Bg
values calculated according to [1] exceed the exper
mental values by 0.95 and 0.89, respectively.

1 gauchemeans that one of torsion angles corresponds to the
gaucheconformation of the fragment; Bauchemeans that
there are two torsion angles corresponding to such a confor-
mation; “pin” is a c-like conformation.

face areas of G and G, we assumed that these com-
lgiounds exist as an equilibrium mixture ofghuche
2 gauche and 3gaucheconformers with equal rela-

The decrease in Idgis due to the presence in the tive contents. From data in Table 5, we obtain
equilibrium mixture of conformers with thgauche 22 :2
configuration of some fragments. Indeed, each of AS~ -5 + 9 + 16.2)/3A° = -10 A“.
these molecule has numerous conformers only slightly . )
differing in energy but strongly differing in the rela- ~ Such a decrease iiS corresponds to a decrease in
tive content; without estimation of their relative con-10gP Dy at least 0.6. With ¢, the pattern (and hence
tent, it is impossible to estimawS. For this purpose, Al0gP) will be similar. As a result, estimation of
we performed the conformational and molecularl®9P for C;; and G, gives 6.45 and 7.49, which is
dynamics calculations of Gand G, molecules using ¢l0Se to the experimental data (6.10 and 7.20, respec-
the programs developed by N.K. Balabaev (Instituté'Ve|Y)- This agreement is quite reasonable taking into
of Mathematical Problems of Biology) [9]. Data on @ccount the rough approximations made.
the relative energies, relative contents, and accessible

surface areas of different conformations gff@,;are __ 1N€se examples show that in terms of our approach
listed in Table 5. [based on relation (2)] it is possible to obtain results

gualitatively consistent with the experiment, even
The most populated are the states in which therethen AS is determined as the difference between the
is one chain section in thgauchestate with the other accessible surface areas of the trans conformer and the
sections being in th&ans state (1gauch@, two chain  preferable conformer. The latter can be chosen on the
sections in thegauchestate separated by sections inbasis of general knowledge, without conformational
the trans state (2gauch@, etc. The other states are analysis. However, for more accurate estimations it is
significantly less populated. Therefore, for approxi-necessary to use the methods of molecular dynamics,
mate estimations of the variation of the accessible sur-
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Table 6. Accessible surface areas of hydrocarbon moleculeexample. Assuming that the conformations given in

Relative energy

Molecule of conformer, S A?

kcal mol™?
1,4-Diethylbenzene 02 485.4
1,2-Diethylbenzene 02 437.3
0.04 457.8
0.42 470.1
0.72 451.6
1,4-Dipropylanthracene 02 596.9
1,8-Dipropylanthracene 02 523.0
0.06 533.2
0.48 520.8
1,4-Dibutylanthracene 02 657.0
1,8-Dibutylanthracene oa 544.4
0.25 574.8
1,4-Diphenylbutane 0 (trang 482.6
-0.722 461.0
0.47 427.0
1,5-Diphenylpentane 0 (trang 511.8
-8.462 459.8

a preferable conformation.

Table 6 are present in the equilibrium mixture with
equal weights, we obtain that the accessible surface
area of 1,4-diphenylbutane is 45X whereas the
accessible surface area of thens conformer in
which the phenyl rings do not interact is 48%.

AS is about 25A% therefore, the difference between
the experimental value of Idg and the value calcu-
lated assuming no interaction of phenyl rings should
be significant. In 1,5-diphenylpentane, the preferable
conformer significantly differs in energy from the
trans conformer owing to favorable interaction of
phenyl rings. Their approach decreases the accessible

surface area by50 A as a result, lo§ considerably
decreases. Also, we can note cyclic peptides consist-
ing of an even number of amino acid residues. If a
cyclic peptide consists of alternatindy and | amino
acids, their pendant groups will be oriented outside of
the ring, and if it consists of amino acids, a half of
the pendant groups will be oriented inside the ring,
which will cause a decrease Band logP. Measure-
ment of the distribution factors of such molecules will
allow fairly accurate estimations & and assessment
of the potential of our approach.
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