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Abstract — The simple approach suggested previously for estimating properties of molecules RX was applied

to constructing quantitative relationships between the structure of alkyl substituent R and the properties of
stable complexes and transition states considered as supermolecules RX. The enthalpies and free energies of
complexation of a series of aliphatic amines with trimethylboron, the logarithms of the relative rates of
esterification of aliphatic carboxylic acids, and the Taft steric constants were calculated.

The free energies of the complexation/R+ B > apply the previously developed approach [10] to esti-
R-A---B, as well as the rates of chemical reactiongnating various properties of such systems. In accord-
R-A* + B* 2 R-A*..B* 2 products, depend on the ance with [10], the expression for a property of an RX
structure of substituent R affecting the interaction oimolecule is as follows:
this substituent with the second component of the
complex or second reaction participant. The influence P =Py, + na + n"y + n"y* + mdy, + m&i, + ..., (1)
of the structure of R on the kinetics of some reactions
was studied experimentally (see, e.g~ 63, and the where P}, is the contribution of the linear part of
steric constants of substituents R, reproducing th&agment R (the longest linear sectior); sum of the
steric effect in related reactions, were obtained. In pamne-center and two-center contributions of the type
ticular, to take into account the steric effect of substitl---2 for fragments not included in the linear payt;
uents on reactions of aliphatic compounds, Taft introtwo-center contribution of the type-13 for CCC and
duced the constantSg determined from data on the CXC interactions in which one of the fragments is not
rates of acid hydrolysis of ethyl esters of carboxylicincluded in the linear part*, two-center contribution
acids [3]: Eg = log (kky). Herek and k, are the rate of the type 1:-3 for CCX interactions in which one of
constants of the hydrolysis of the ester with substituthe fragments is not included in the linear paity,
ent R in the acyl moiety and of the acetate, respectivawo-center contribution of the type--#4 for CCCC
ly. Although the constant&g are not universal [6], and CXCC interaction in the same fragmend§,,
they are used both for estimating the rate constants oivo-center contribution of the type-# for the CCCX
chemical reactions and for constructing quantitativenteractions; anar, n", n", m, andm, numbers of the
structure-activity relationships in determination of po- corresponding contributions?;,, can be determined
tentially active drug structures (see, e.g., [7]). In thifrom the relationshiP;,, = k; + k)/(n + 1% [1]; nis
connection, further efforts are made to find ways forthe number of C atoms in the linear part of R. Below,
quantitative estimation of the substituent effects [8, 9]with propylamine anda,B-dimethylpropylamine as
S0 as to obtain th&g constants applicable to a wide examples, we illustrate how the linear part is singled
set of problems. However, a different goal can be foreut (dashed lines):
mulated: to search for a common approach allowing

solution of specific problems, rather than for universal [(_:_Ij;;_-_(_:_l—_ig_—_(_:_l-_ig}NHz (n=23)
parameters. This is the objective of our study. CHs
M~11 ~1d ~d 1 —_
Let us consider stable complexes/R--B and tran- |CHg-CH-CHiNH (n=23)
sition states RA*.--B* as supermolecules RX and CHs

To determine the thermodynamic characteristics of
1 For communication XX, see [1]. R-A---B complexes, let us consider as specific exam-
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680 GOLOVANOQV et al.

Table 1. Expressions for a property of complexes of some aliphatic amines with trimethylboron

Amine Scheme of complék n Expression for property
NH; ® 0 |k +k
CH3NH, O—e 1 kp + kz%
(CHg),NH y._-"g>® 1 |k kZ% oty
CHa)aN 1 K, + kol + 200 + 3y
3 1 254
C,H5NH, Q/O—@ 2 |k + kZ%
,Y*
e Y
CoHgoNH |, 5 2 |k + kzé F 20y b+ 28, + Bys
-_614__." Y
(CoHg)sN 2 ky + kz? + 4o+ 3y + 2y + 6314 t g5

@ Dark circle denotes the fragment NHB(CHg)3 fragment (n = 0-2), and light circles, the CHfragments i( = 0-3).

ple the complexation of aliphatic amines with trimeth-similar to those presented above. The most complete
ylboron in hexadecane at 25 [11]. Expressions for set of experimental data on the kinetics of reactions
a property of some amine complexes, based on reléavolving the R-A* component with different R is
tionship (1), are given in Table 1, and the calculatedjiven in [2] for esterification of aliphatic carboxylic
enthalpies and free energies of complexation of aliacids RCOOH with methanol. Using Eqg. (1), we ob-
phatic amines with trimethylboron, in Table 2. In thetained the results given in Table 3; the logarithms of
calculations, we initially took into account-B, 1---4,  the relative rates of esterification of carboxylic acids,
and 1--5 interactions between different fragments;calculated from these data, well agree with the experi-
however, actually all the €C interactions appeared mental data.

to be insignificant, as well as thg; contribution. For

all the complexes, the calculated values agreed well A decrease in the esterification rate with increasing
with the experimental data. Thus, approach (1) corlength of R was attributed in [2] to formation of a
rectly reproduces the dependence of the characteristissx-membered ring “fule of sixX’).

of R-A---B complexes on the structure of R.

\N~2 Ol

: : L 3,C=Q
This approach can be applied to estimating the >c/4 5 HO

rates of chemical reactions. Since the transition state >C\—/C<

theory postulates a thermodynamic equilibrium be-
tween the reactants and transition complex, and the
reaction rate is expressed via the constant of this The O--H interaction stabilizes the starting react-
equilibrium, all the reasonings for this case will beants, complicates formation of the transition complex,
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Table 2. Thermodynamic characteristics of complexationTable 3. Relative rates of esterification [[R§y cood

of aliphatic amines with trimethylboron krcoon]? of aliphatic carboxylic acidsRCOO
~AH?, kJ moft -AG?, kJ moft Substituent R Experiment [2] This worl?
Amine . :
experi- . experi- . CH 0 -0.1087
ment 11|18 WOk ot [/ this work® C,He 0.1740 0.4195
C3H5 0.7031 0.5084
NH; 57.68 57.61 7.77 7.97 CyHg 0.7031 0.5327
CH3NH, 73.57 75.48 23.16 22.64 CgHi7 0.7031 0.5480
C,Hs5NH, 75.24 76.44 21.69 23.42 i-C5H5 1.0986 1.6852
C3H,NH, 75.66 76.60 22.28 23.56 t-C4Hg 3.2884 3.1826
C4HgNH, 76.91 76.64 23.16 23.59 (CH3),CHCH, 2.1483 2.3607
CgH4NH, [ 78.17 76.66 23.53 23.61 (CH3);CCH, 3.7542 4.4518
CeHisNH, | 77.33 76.66 23.66 23.61 (CH3),CHCH,CH, 0.7324 0.6933
i-CgH-NH, | 72.73 70.79 17.14 15.81 (CH3);CCH,CH, 0.7701 1.0926
sC4HgNH, | 72.31 70.95 16.97 15.94 CH5CH,(CH3)CH 2.3125 2.0894
t-C4HgNH, | 54.34 55.61 5.35 6.79 (CH3)3C(CHy)CH 7.3877 6.6635
(CH3),NH 80.67 79.41 26.21 21.23 (CH3)3C(CHy),C 8.9574 9.1141
(C,Hg),NH| 68.13 70.42 13.21 15.81 (CH3)3CCH,(CH5)CH 4.1744 3.4475
(CH3)3N 73.57 73.82 16.72 18.42 (CH3)3CCH,(CHg),C 5.7137 6.0413
(C,H5)3N 41.80 41.04 8.36 6.79 (CH3),CH(C,H5)CH 7.4337 6.6444
r  0.9925 0.9600  (C,Hg)5C 8.7275 9.1715
s 1.7130 2.1656  (C,Hg),CH 4.6052 4.4052
(C5H5),CH 4.6821 5.1251
a k, 76.6716t0.7003,k, -19.0656+1.8698,0 13.4618:2.3908,  (C4H,),CH 4.7875 4.8327
¥-9.5286t£1.5813y* —9.5805£1.0432,8,5-13.83271.7120.  [(CH3),CHCH,],CH 5.4848 5.5177
b kq 23.6177:0.8101,ky, —15.64312.3426,y —1.4066£0.7120, [(CH3)3CCH,],CH 7.0475 6.9441
v* -6.2060£1.1346. (CH3)3C(CH5)CHCH,CH, 2.2875 2.3069
r 0.9906
s 0.4802
2"
C\3 L&, 2 By the relative rate is usually understood the ratio of the rate
C_C4 constants of the reactions involving a given substance

(krcoow in this case) and a referencéc(; coon in this

X = C=0. case). Here an inverse ratio is given for the sake of con-

sistency with the presentation of the experimental data in [2].
and decreases the reaction rate. In terms of our modél k, 0.5496+0.2090,k, —10.5329%8.5998,a. ~1.2422+0.5134,
this corresponds to the contributiosy,. 7% 2.2690+0.3141, y 0.2388:0.1099, &%, 2.6168+0.3385,

. o . . % 0.6077+0. . . .
As seen from Table 3, this contribution is maximal: 914 0.31540.1134,815 0.6077£0.2632,3,5 0.3870+0.1643

N T .
14 exceeds the other contributions. This means tha, . . , ,
the major contribution was, indeed, taken into accou%thlp (with the parameters given in Table 4) can also

in [2], which allowed adequate (on the qualitative e used for estimatingg of other alkyl substituents,

. . .“which is important for extending the potential of
level) interpretation of the dependence of the relativ , . . )
rates of esterification of aliphatic carboxylic acids on%yafts approach. Thus, approach (1) gives fairly accu

the structure of R. Consideration of the other factor a(t)\eN eflsetmtzisffg?ern:hcissétfr(ﬁaﬁgicg (ZI) Snuot?[s(t)';llje?gz
provides good quantitative estimates of the relativ ' Lo y

Iy X ; : : umerical values of the contributions but even their
esterification rates for carboxylic acids with various R'number appeared to be different, which suggests that

Determination of the relationship between the Tafthe constant&g are not universally applicable to dif-
steric constantd€sg and structure of R is a problem ferent reaction series.
similar to that described above. Using Eq. (1), we
obtained forEg the values given in Table 4. Within ~ The above-discussed examples show that both
the framework of our approach, the steric constantstable complexes and transition states (activated com-
are reproduced with a good accuracy. This relationplexes) can be considered as systems RX differing

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 75 No.5 2005



682 GOLOVANOQV et al.

Table 4. Steric constants of the substituertEf) in
aliphatic esters RCOOI;

Substituent R Experiment [3]| This work
H -1.24 -1.25
CHj 0 0.17
C,Hs 0.07 0.25
CsH, 0.36 0.26
C4Hg 0.39 0.27
CcHyq 0.40 0.27
CgHy7 0.33 0.27
i-C3H 0.47 0.87
i-C,Hg 0.93 0.96
t-C4Hqg 1.54 1.50
$-C4Hg 1.13 1.08
(C,Hs),CH 1.98 1.98
(CHy)sCCH, 1.74 1.66
(CH3)3CCH,CH, 0.34 0.66
(CH3)3CCH,(CH3)CH 1.85 1.48
(C3H5),CH 2.11 2.18
i-(C4Hg),CH 2.47 2.57
(CH3)3CCH,(CH,),C 2.57 2.30
[(CH3)2CCH,],CH 3.18 3.13
(CH4)2C(CH,)CH 3.33 3.87
(C,Hg)sC 3.80 4.08
(CH3)2C(CH,),C 3.90 4.08

r 0.9881

s 0.2350

@ k; -0.2703t0.0774,ky 1.5265+0.2493,v* -0.6221+0.0725,

814 —0.1970+0.0213, &%, -0.6968+0.0754.

Table 5. Values of-In (kgcooHkch,coon calculated by

relationship (2)

Substituent R Experiment [2]| This worl

CH, 0 -0.0987
C,Hs 0.1740 0.1880
CsH, 0.7031 0.9545
C4Hg 0.7031 0.7825
CsHyg 0.7031 0.7088
CeHy3 0.7031 0.6842
i-C5H; 1.0986 1.0809
s-C4Hg 2.3125 1.9948
t-C,Hg 3.2884 3.3908

r 0.9892

s 0.1787

@ ky —4.4393t0.2186,ky 0.8191+0.0495,k; —0.8812+0.1342.

only in the parameters corresponding to fragment X
and its interactions. For such systems, as shown in

property taking into account corrections for major
contributions to a property. Since for the relative rates
of esterification of carboxylic acids a significant con-
tribution is &%, the logarithm of the relative esterifi-
cation rate can be expressed, e.g., throughftbe
energy of complexation amines with trimethylboron
(AGY) with the correction for the number of contribu-
tions 6%, (nSh) to a property of RCOOH:

krcooH
KcH,cooH

whereAG? is the standard free energy of formation of

the complex RNH--B(CH,); in which the substituent

R is the same as in the carboxylic acid. The thus esti-
mated logarithms of the relative esterification rates are
given in Table 5 and are well consistent with the ex-
perimental data. Without taking into account the con-
tribution of Ny, tO relationship (2), less accurate

estimates are obtained: 0.9081 ands 0.4735.

Thus, by considering stable complexes formed by
organic compounds with various ligands and transi-
tion states (activated complexes) formed in the course
of a chemical reaction as systems RX (R is an alkyl
radical in one of the components of the complex or in
one of reaction participants; X is the remaining frag-
ment), it becomes possible, using the approach sug-
gested previously for estimating molecular properties,
to obtain quantitative relationships between the struc-
ture of R and properties of complexes and between the
properties of stable complexes and transition states.

In = kg + Ko(-AG?) + kans,, - @)
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