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Abstract—A simple structureproperty correlation equation was suggested for estimating the distribution
factors of molecules in the octan@later system. The presence of several polar groups in molecules requires
inclusion of additional terms taking into account their interaction. Their values are approximately estimated
from a limited set of test parameters.

In [2] we suggested an approach allowing fairly Here we consider an approximate method for eval-
accurate estimation of the logarithm of the distributionuating the contributions o8y .
factor (logP) in the octanclwater system of hydro-

carbons and other classes of organic substances c n-The problems arising in t_his case can be i]lustrated
taining one functional group (NH OH, O, etc.). In PY several examples. Consider first the available ex-

terms of this approach, Idg of molecules RX is de- perimental data for ethers (Table 1). It is seen that the

; ; difference between the Idgyvalues for ethers RO-R'
scribed by the expression : .
y P and isoelectronic hydrocarbons-8H,-R', Acy o =
logPry = ZlogP; + TIlogP;, (1) l0gPgrogr — l0gPRrcr, in the case of aliphatic R and R

_ o varies from-2.18 to-2.63. Although the scatter of
where lodP; are smgle-fragm_ent_ contributions a_nd Ach,0 is significant, we can take an average value
logP; are two-fragment contributions correspondingfor “ethers with aliphatic SUbStituentSACHz—>O =
to interaction 'ofith and jth fragmerjts. Although _the —2.42+0.17, which allows estimation of Idgof such
groups CH directly bound to X differ from similar compounds with a reasonable accuracy. However, this
groups in hydrocarbon molecules and their contribucan be done only for aliphatic R and.RFor benzyl
tions logP; should differ from those of Ckigroups in - methyl ether,A.,, .o is appreciably lower, and if
hydrocarbons, these dlﬁerenpes can be mclu_ded in thBe O atom is bound to two phenyl rings, it becomes
values of lod>; corresponding to contributions of practically zero. No general rule can be suggested for
groups X; therefore, passing from-BH; t0 R-X  choosing Acyy 0. but, with a wide set of exper-
requires introduction of a single parameter. In thismental data’ available, it is possible to estimate

case, estimation of ldg involves no problems. How- Ach»o €mpirically for certain particular cases, as
ever, if a molecule includes several groups, it is nec; i done usually.

essary to take into account both variation of the con- . - _

tributions logP; of adjacent groups (they will be  Solution of specific problems is often based on the
different depending on the mutual arrangement of th@ssumption that corrections for interaction of polar
functional groups) and the contributions BBg, cor- groups can be estimated from data on their accessible
responding to interaction of the functional groupssurface areas. It is implicitly assumed in this case that
It is very difficult to estimate these contributions, the accessible surface areas of the same groups in
because the set of experimentally studied examples @fferent molecules are close. However, as seen from
limited and does not allow formulation of any reason-Table 1, the accessible surface areas of ether oxygen
able physicochemical criteria for choosing the type ofitoms in different molecules differ by a factor of more
the dependence of Idgy, on the mutual arrangement than 2, although the\q, o values are similar in

. 2 .
of X and Y. all cases. This fact casts doubt on correlation of
S the contributions lo®y, with accessible surface
1 For communication IV, see [1]. areas, since there are no clear correlations between
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STRUCTUREPROPERTY CORRELATION EQUATION: V. 713

Table 1. Values of logP? for some ethers and isoelectronic hydrocarbons

Ether 10gPern 3] hrrocarion 09Puc 31 | Ao S A?
CH;-0O-CH, 0.10 CH;—CH,—CH, 2.36 -2.26 14.91
C3H—O-CH, 121 n-CsHy» 3.39 -2.18 10.97
CoH5—0O-C,Hg 0.89 n-CsHy» 3.39 -2.50 6.95
C4Hy—O-CH, 1.66 N-CgHy4 3.90 -2.24 10.97
C Hy—O-C,Hg 2.03 n-C;Hg 4.66 -2.63 6.95
C3H—~0O-C5H, 2.03 n-C;Hg 4.66 -2.63 6.95
Tetrahydrofuran 0.46 CgHqg 3.00 -2.54 11.20
CeHs—CH,—O-CHs 1.92 CeHs—C3H5 3.63 -1.71 8.53
CeHs—O-CH, 2.08 CeHs—CoH5 3.15 -1.07 13.67
CeHs—O-CgHsg 4.21 CeHs—CH,—CsH;5 4.14 +0.07 7.34 (8.65)
Dibenzofuran 4.12 Fluorene 4.18 -0.06 14.76

Table 2. Values of logP? for some di- and triethers and isoelectronic hydrocarbons

Ether logPgy, [3] Isoelectronic hydrocarbon | logPyc [3] A Ago
CH;-0O-CH,-O-CHgy 0.18 n-CsHj» 3.39 -3.21 1.63
C,H5—O-CH,—0O-C,Hg 0.84 n-C;Hg 4.66 -3.82 1.02
1,3-Dioxolane -0.37 Cyclopentane 3.00 -3.37 1.47
Trioxane -0.43 Cyclohexane 3.44 -3.87 1.13
2,4,6-Trimethyl-1,3,5-trioxane 0.67 2,4,6-Trimethylcyclohexane 4.20 -3.53 1.24
CH5;-0-(CH,),~0-CH, -0.21 N-CgHy4 3.90 -4.11 0.73
C,H5—0—(CH,),—0-C,Hg 0.66 n-CgH g 5.18 -4.52 0.34
1,4-Dioxane -0.27 Cyclohexane 3.44 -3.71 1.13

the accessible surface areas of polar groups and their Such estimates are rather rough, since they do not
contributions Py. take into account the hydrophobic interaction of the
The empirical corrections for interaction of polar radicals R, R and R" and the differences between the

, . conformations of the ether and isoelectronic hydro-
groups can be foun_d from exper_lmental data. Cons'qgarbon. Table 2 shows thag,, depends on the mutu-
er, e.g., data for diether and triether molecu(@a- al arrangement of the O atgms For example, in the
ble 2). If the ether O atoms did not interact with each fgh 13 f ) PIe,
other, the difference between the Bgalues of an case of the 1,3 arrangement of oxygen atoms (separa-

- . . tion by one CH group) Ay varies from 1.02 to 1.63,
ether containingh O atoms and the isoelectronic hy- . 00 .
drocarbon would be equal te2.42n. However, this is whereas in the case of the 1,4 arrangement (separation

. Dby two CH, groups) Ay varies from 0.34 to 1.13.
not the case. The difference between the experimens > .00 :
tal value and that estimated from this relationshirlj- he ranges of variation of these corrections overlap,

) . . . and it is difficult to make definite conclusions, but for
defines the correction for the interaction of O atomsrough estimations of loB of ethers we can take

Ao 13°_ 7
Ao = (03Pur = 03P = (2420 A = 1.23+0.16 and ALY = 0.73%0.26.

This approach is consistent with reasonable physi-
where logP,, is logP for a molecule RO-R-O-R"  cochemical assumptions. Indeexh, should be equal
containingn O atoms, lod®,¢ is logP for the isoelec- to zero at large distances when the O atoms can be
tronic hydrocarbon molecule, ané.42 is the correc- considered as noninteracting (the distance should be
tion for introduction of one oxygen atom. At > 2  larger than~6 A—the distance allowing accommoda-
this value should be divided by the number of intertion of a water molecule) and should increase with
acting G-O pairs. decreasing ©0 distance. The analytical form of the
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Table 3. Corrections for interaction of O atoms in ether molecules

[oz} cald e calc@ cald

Molecule A 3] | ASS ASS Molecule AZE [3] ASS ASS
R-O-CH,-O-R' |1.02-1.63 1.31 1.26 2,4,6-Tetramethyl-1,3,5-trioxang  1.24 1.31 1.26
1,3-Dioxolane 1.47 1.31 1.26 R-O—-(CH,),-O-R' 0.34-0.73 0.56 0.41
Trioxane 1.13 1.31 1.26 1,4-Dioxane 1.13 1.13 1.03

@ From relation (2)k; = 5.864+1.56, k, = 0.643+0.1. b From relation (2),ky = 8.960+0.80, k, = 0.844+0.035 (as in diols).

Table 4. Value of logP for some esters, lactones, and isoelectronic hydrocarbons

Ester (lactone) logPeg; [3] Hydrocarbon logPyc [3] A
CH5;-COO-CH4 0.18 CH5-C(CH,)-CH,—CHg 2.82 -2.64
C,Hz—COO-CH4 0.89 C,Hs-C(CH,)-CH,—CHg 3.30 -2.41
CH5;-COO-C,H;g 0.73 CH5-C(CH,)-CH,—C,Hg 3.33 -2.60
C,Hs—COO-C,H;g 1.21 C,Hs—C(CH,)-C5H4 3.84 -2.63
CH5;-COO-C5H4 1.23 CH3-C(CH,)-C4Hq 3.84 -2.61
CH5;-COO-C/Hq 1.78 CH3-C(CH,)-CsH4 4 4.35 -2.57

o

< ;o —0.64 é 2.71 -3.35
O

@ -0.35 ij 3.22 -3.57

dependence of\p5 On Ryg is unknown; based on consisting of several atoms can be different, and there-
available data, we can suggest the following relationfore the use of a single value of 1&g will not give
adequate results. Let us illustrate this problem by the
Aoo ~ kiexp CkoRoo), (2) example of esters, lactones, and isoelectronic hydro-
carbons. Some data on |Bgof these molecules are
wherek; andk, are parameters determined from dategiven in Table 4.
for test examples, anBy is the distance between the It is seen that in going from a hydrocarbon to the
oxygen atoms. The values &f andk, can be deter- isoelectronic ester the group., , >C=CH, is replaced
mined from the experimental values ofRavaibable g —Q:_HZ/ 2> 0 b
for R-O-CH,-O-R, R-O—(CH,),-O-R, and 1,4-di- by _5>C=0; the corresponding correction 42.57+
oxane, assuming that &, = 7 A Ao ~ 0. From 0.07, whereas in going to lactones the correction is
these data we determined the parametgrand k,:  -3.46+0.11. Formally, the ester groups in these com-
k, = 5.864+1.56 andk, = 0.643+0.1; using these pounds are similar{COO-), but actually they differ
values, we obtained the values &fq nicely consis- significantly: In esters the lone electron pairs of the
tent with those obtained from the experimental dat® atoms are in thérans conformation relative to the
(Table 3). C-O bond, and in lactones, in thes conformation.

The ether O atoms are the simplest examples of

polar groups; their‘conformational state does not QOO Qoo
vary, and we can assume that in all cases they are

characterized by the same value of Ryg The elec- /\ 0
tronic states (and also such characteristics as confor O

mation, logP; contributions, etc.) of polar groups
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Table 5. Values of logP for some alcohols and isoelectronic hydrocarbons

logProK logPhc logProK logPhc
Alcohol [3] Hydrocarbon 3] AoH Alcohol [3] Hydrocarbon 3] AoH
CH;-OH | -0.77 | C,Hg 1.81 | -2.58| CgH{4-OH 1.56 n-CgHyy 3.90 | -2.34
C,Hs-OH| -0.31 | C3Hg 236 | -2.67| CgH{3OH 2.03 n-C;Hg 466 | -2.63
C3H,—OH 0.25 | nC4Hqg 289 | -2.64| C,H;5OH 2.72 n-CgHyg 518 | -2.46
C4Hg—OH 0.88 | n-CgHyp 339 | -251

Table 6. Values of logP for some polyhydric alcohols

Polyhydric alcohol IogPR(OH)2 [3] Monohydric alcohol l0gPron [3] AoH AoH...0H
OH-CH,-CH,-OH -1.36 CH;—CH,—CH,—OH 0.25 -1.61 0.95
OH-(CH,)5;-OH -1.04 n-C,Hg—OH 0.88 -1.92 0.64
OH-(CH,),~OH -0.83 n-CsH,,~OH 1.56 -2.39 0.17

They have different dipole moments (1.67 andconclusions without additional assumptions. We as-
4.12 D [4]) and, apparently, interact with solventsumed that the structures of diols are similar to those
molecules quite differently. Hence, the correction forobserved in the gas phase-F3. This allowed us to
introduction of the COO group should depend on itxhoose theR,,,...o4 Values and estimate the correc-
conformation, and generally it can vary in the rangdions for theAg,,...qy interaction by relation (2). The
from -2.57 to -3.46. parameterk; andk, were chosen from data for 1,2-

Consider then the molecules of alcohols and isogthanedlol, 1,3-propanediol, and 1,4-butanediol. In the

electronic hydrocarbons. Some data onRogf these gggé ?3’% %aAseI?] }'\rﬁs i;i%qﬁg éﬁé?]géaa;;?nfﬂeﬁg
molecules are given in Table 5. It is seen that replace: o b

: and k, were 23.933-1.28 and 1.256 0.02, respec-
(r;:)?rp;c?:);hf CH gro_upzbys/str% 88H g?xgvreerqlij;rsvza tively. With these parameters we calculated the values
CH;—»OH — —4-929-U.UO. '

compare dihydric and monohydric alcohols (Table 6),Of Aon--on and logP for diols (Table 7).

we see that introduction of the second OH group is The agreement between the calculated and experi-
described by different corrections depending on thenental values ofAy,,...qy iS satisfactory taking into
mutual arrangement of these groups. This fact is duaccount the roughness of the assumptions made.
to interaction of OH groups with each other. As in the
case of ethers, the correction for interaction of the Ol—tliO
groups can be described as

The parameterek; andk, determining the correc-
ns for interaction of the ether O atoms and hydroxy
groups differ considerably. However, if we take
rmination
Moo = 10gPoy — 10gPye — (-2.56% 2), the common parametelg andk, for determinatio

where logPq,, is logP of diol, logPyc is logP of the Table 7. Corrections for interaction of OH groups in diol

; ¢ - . molecules

isoelectronic hydrocarbon, an.56 is the correction -

for introduction of one OH group. Molecule  [AS® . 131|A2S .. on7l AS8C .
Aval_lable data on Io§>'for Imear alcohols a_tnd the OH-CH,-CH,-OH 0.95 0.837 (0.94)

correctionsAgy...on are listed in Table 6. It is seen OH-(CH,);-OH 0.64 0.553 (0.712)

that as the distance between the interacting OH grougsH_(cH,),-OH 0.17 0.55% (0.712)

(determined by the number of separating CC bonds)

increases, the corrections for interaction decrease, &s; = 23.933+1.28, k, = 1.256+0.02. P k; = 8.960+ 0.80,
in the case of ethers. ko, = 0.844+0.035 (as in diethers)® Disagreement with

. . . . the experiment is probably due to the fact that from the whole
In aqueous and ethanolic solutions, diols exist as set of conformers in equilibrium we took into account only

mixtures of various conformers whose relative content the conformer in which the H bond is the most preferable
is unknown. Therefore, it is difficult to make definite in energy.
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Table 8. Values of log® for some F-containing alcohols

F-Alcohol logPr o [3] Alcohol logPron [3] Ach,5F
CF;-CH,—OH 0.41 CH3-CH,-OH -0.31 0.72
C,Fs—CH,-OH 1.23 n-CgH,—OH 0.25 0.98
C3F—~CH,-OH 1.94 n-C,Hg—OH 0.88 1.06
of both Aq...o and Agy...onq (k; = 8.960+0.80, It should be noted that in the acetylacetone mole-

k, = 0.844+0.035), the agreement of the IBg cule the intramolecular H bond is extremely strong,
values calculated using such corrections (Tables 3, affecting the characteristics of the bonded fragments.
fourth columns) with the experiment is also satis-This fact is apparently responsible for the large devi-
factory. ation of the calculated,...o-c values from the ex-

eriment and for considerable increase in this contri-

_ Along with the above data, there are also data Oigution in acetylacetone as compared to hydroxyacetic
interaction of the OH group with the carboxy andg.iq.

carbonyl groups. In the molecule of hydroxyacetic

acid, an intramolecular H bond is formed: The effect of interaction of polar groups is consid-
erably smaller in alcohols containing such groups as
H-<_ CF;, C,Fs, etc. In such molecules, intramolecular
/ H bonds OH-F are formed:
0 0
AN // F, H H
CHz_C\ \ / 1 TN
O—H c—c\/ F /o
Correction for interaction of the OH group with the Fl O \c— ~H
carboxy group can be estimated from the comparison F~~I::H/ F/ \ \H
of data for hydroxyacetic and propionic acids (fog F
-1.11 and 0.33, respectively). Since the lo@ values of GF,, and GH,, mole-

If the OH group in hydroxyacetic acid did not cules differ insignificantly (Cf ~1.18, CH, ~1.09;
interact with the carboxy group, its I&ywould be C2Fe ~2.0, GHg ~1.81, etc.), the difference between
033 - 256 = -2.23. The difference of this value the values of lo@ for alcohols containing the GF

from the experimental data is due to the interactiofyfOUP and“commort alcohols gives a correction for
OH--O=C; its contributionAgy,...g-c is +1.12. Esti- ormation of the intramolecular H bond OHF (Ta-

- : : ble 8). It is seen that these corrections are close to
2;:“8? kOfaAr?dH'k'OE?\,gg {ﬁftl\?;ug)o}’v'%_;h: later those for the isoelectronic diols and can be fairly
! 2 accurately estimated by relation (2).
The effect of intermolecular interaction of polar
groups is considerably stronger in acetylacetone, as
judged from comparison of its Idg with that of

In conclusion, let us consider data for malonic acid.

CH
4-methylpent-3-en-2-one: H/O‘(ﬁ/\ZIC7O
CHa__CcH _CHs H O ©
GT=C” CHs ¢ CHs . -
8 5 Neker Its logP is —0.81, and, to fit this value, we should
H 4 (IZHs assumeAgy...o-¢c = 0.93. In this case, the pattern is

similar to that in acetylacetone (closure of a six-mem-

Their logP is 0.40 and 0.61, respectively. If the bered ring with formation of a strong intramolecular
OH group introduced into the ketone molecule did noH bond), but the correction for interaction is lower by
form the intramolecular H bond, Idg of acetylace- a factor of about 2.5. The point is that in malonic acid
tone would be 0.61 2.56 =-1.95. Hence follows formation of the H bond is accompanied by conforma-
Aon.--0=c = *2.35; estimation ofAy,,...o-c by rela- tional changes within a polar group. Indeed, for the
tion (2) gives the value of +1.20. ring closure the carboxy group should rearrange into
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