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The steric effect of alkyl groups is characterized by the Steric Ver-
tex Topological Index (SVTI). SVTI is equal to the sum of the dis-
tances not greater than three between the attachment site and the
carbon atoms of the alkly group. The correlations presented, either
with reaction rates of acid-catalyzed esterification of carboxylic ac-
ids or with various steric parameters, i.e. E;, E', v, and =, indi-
cated that SVTI can serve as a useful steric parameter in reactivity
studies.

INTRODUCTION

Establishment of relationships, as well as the possiblity of prediction,
usually constitute the first step in the comprehension of a phenomenon.

Quantitative Structure-Activity Relationships (QSAR) for the chemical
reactivity of classes of organic compounds were examined by using free-en-
ergy-related physico-chemical parameters. A major method of modeling the
effect of structure variation on chemical reactivity, physical properties or
biological activity of a set of substrates is the use of correlational analysis.
In this method, it is assumed that the effect of structural variation of a sub-
stituent upon some chemical, physical or biological property of interest is a
linear function of the parameters that constitute a measure of electrical,
steric, and transport effects.3-6

The first and for many years the only successful method for parametri-
zation of steric effects were the E, constants introduced by Taft. The vari-
ation in the acid-catalyzed hydrolysis of aliphatic carboxylic esters RCOOR'
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is mostly subject to the steric effect exerted intramolecularly by the substi-
tuent R on the formation of the tetrahedral reaction intermediate. Taft de-
fined the steric parameter E.,”® as

Eg = log (kr/kye)a

where (kg/ky)s refers to the ratio of acid-catalyzed hydrolysis rate constant
of RCOOR' to that of MeCOOR'. By definition, E,(Me) = 0. A number of
research efforts were concentrated on the dissection of the E, parameters,
and on the prediction of E, values from the molecular structure, using an
additive model.®!! In an attmept to improve the E, parameter, Dubois
and coworkers defined the »revised« Taft steric parameter E'; using the
acid-catalyzed esterification of carboxylic acids (at 40 °C) as the reference
reaction, 213

From the definition of the E, parameters it is not apparent how any
structural feature determines the steric effect. Taft recognized that E, varies
parallel to the group radius. Charton examined the relationship between
them quantitatively, and showed that the steric effect for selected series of
substituent is linearly dependent on the van der Waals radius, defining a
new type of steric parameter, v.14-16

A topological model of steric strain was defined by Brown!”18 in the the-
ory of homomorphs. In recent years, many different graph invariants have
been propopsed for characterization of the structural features of chemical
species. These are usually referred to in the chemical literature as topologi-
cal indices (TI).1%-26 Such indices reflect, in different ways, the size and
shape of the molecules they characterize and also provide some measure for
the degree of molecular branching.

By removing all hydrogen atoms from the constitutional formula of a
chemical compound containing covalent bonds, we obtain the hydrogen-de-
pleted graph (or molecular graph) of that compound, whose vertices corre-
spond to non-hydrogen atoms. In the particular case of hydrocarbons, the
vertices of the molecular graph denote carbon atoms.

The link between the connectivity index y (defined by Randi¢?®) and E|
has been made evident by Murray,?” who succeded in finding correlations
between the Taft parameter and y for a series of substituted alkyls.

Schug and coworkers?® revealed that, for sterically controlled reactions,
the relative rates of series of substrates can be correlated either with the
connectivity index of the substrates themselves or with the changes in the
indices that accompany the formation of transition states.

The TI =, reflecting the steric effect, was recently defined as a sum of
three shape descriptors.?’ Index = correlates well both with reactivity data
and with a set of previously defined steric parameters.

In the present investigation, we will define a new Vertex Topological In-
dex (VTD)?® encoding the steric effect of an alkyl group.
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THE STERIC TOPOLOGICAL PARAMETER SVTI

In defining the new steric topological parameter, we will use selected dis-
tances in the molecular graph as graph descriptors. The distance between
vertices v; and v; in graph G is denoted by d;; and is equal to the number
of bonds on the shortest path between vertices v; and v;.

The Steric Vertex Topological Index (SVTI) of an alkyl group (A), at-
tached to vertex v; in the molecular graph, is equal to the sum of distances
not exceeding length 3 between vertex v; and every vertex of the alkyl group:

N

SVTL (&)=, d;. 1)
J=1
dy<3
This limit is in accordance within Charton's conclusion about the limit of
influence on the steric effect beyond the gamma carbon.143!
Computation of the SVTI parameter is exemplified for the sec-butyl
group (R = H) or higher homologues (R # H):

SVII(s-Bu)=1+2+2+3=8.

T\/R
Block 1

We have to mention that all eighteen types of VTI's defined in Ref. 30 were
investigated as possible candidates for a steric index, using different cutoff
distances. As a validation criterion, we have used correlations with experimen-
tal reaction rates. The best results were obtained with the simple index defined
in equation (1), with a cutoff distance of three. Linear and parabolic correla-
tions were computed, with the latter performing best in terms of statistical in-
dicators. Since in the parabolic correlations the coefficient of the linear term
was nearly zero, we have used only correlations with quadratic terms.

Monoparametric correlations with rates of esterification of alkyl substi-
tuted carboxylic acids with methanol®? were tested for SVTI with the follow-
ing results, where n is the number of experimental data in the correlation,
r the correlation coefficient and s the standard deviation. Depending on the
particular conditions for determination of the reaction rates, the set of Egs.
(2-5) was computed.
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TABLE I

Steric parameters SVTI and esterification rates catalyzed by 4-CH3-C¢H,SOsH

—log &, Residu —log kg Residu

Alkyl group SVIT obs? Eq.2) 2  obs? Eq3) al
Me 1 158 133 025 135 113 0.22
Et 3 161 147 014 139 126 0.13
Pr 6 186 194 -008 163 171 -0.08
i-Pr 5 194 175 019 171 153  0.18
i-Bu 9 249 272 -023 225 247 -022
s-Bu 8 254 243 0.1 230 218 0.12
CH,Bu 6 191 194 -003 168 1.71 -0.03
CHEt, 11 355 342 013 326 314 0.12
CH,CH,i-Bu 6 181 194 -0.13 158 171 -0.13
CHMeHex 8 242 243 -001 219 218 0.01
CHEtAm 11 272 342 -0.70 247 814 -0.67
CH,CH,CHEtBu 6 182 194 -0.12 160 171 -0.11
CH,CHMeHex 9 253 272 -0.19 228 247 -0.19
CHMeOct 8 244 243 001 221 218 003
Cy Hoa 6 187 194 -007 163 171 -0.08
(CHy,),CHEtBu 6 183 194 -011 161 171 -0.10
CHMeNon 8 250 243 007 226 218 0.08
CH,o[CH(Me)(CHp)3]oCHMe, 9 253 272 —0.19 229 247 -0.18
CHMeCoHos 8 255 243 012 231 218 0.13
CysH3y 6 189 194 -0.05 165 171 -0.06
CHMeC,,Hog 8 244 243 001 220 218  0.02
Cy7Has 6 189 194 -0.05 166 171 -0.05
CHMeC;gHas 8 243 243 000 220 218  0.02
CH,[CH(Me)(CHyg)3]sCHMe, 9  2.65 2.72 —-0.07 240 247 —0.07
CHEtC gH33 11 349 342 007 320 314 0.06
CHPrC6Has 11 355 342 013 326 3.14 0.12
CHBuC;gHa3 11 361 342 019 332 314 0.18
CHHexC1gHss 11 368 342 026 337 314 023
CHNonC;gHas 11 351 342 009 321 3.14 0.07
CH(C1oHa;)(C16Hss) 11 349 342 007 320 3.14 0.6
CH(C1;Hg3)(C1H33) 11 351 342 0.09 322 3.14 0.08
CH(C16Hzs)s 11 351 342 009 321 314 0.7

3-30 °C, Cay = 0.01, from Ref. 32.
b4-40 °C, Can = 0.01, from Ref, 32.

The experimental and computed esterification rates from Eqs. (2) and (3)
are presented in Table I. The rates in Egs. (2) and (3) were determined at
a temperature of 30 °C, and 40 °C, respectively.
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—log k£, = 1.1096 (+0.1808) + 0.0167 (+0.0022).SVTI? (2)
n=32,r=0967s=0.174
—log ko = 1.3142 (£0.1908) + 0.0174 (+0.0023).SVTI? (3)

n =32, r=0.966,s =0.183

The experimental reaction rates in Table II were determined at the same
two temperatures, but C,y = 0.05 (C,y represents the acid catalyst concen-
tration).33-36

TABLE II

Steric parameter SVTI and esterification rates, catalyzed by HCI

—log kg Residu —log &4 Residu

I
Alkyl group s obs® Eq(4) 23  obst Eq5) al
Me 1 105 104 001 082 082 000
Et 3 112 118 -0.06 088 0.96 -0.08
Pr 6 143 167 -024 119 144 -025
i-Pr 5 158 147 011 135 124 0.1
Bu 6 138 167 -029 1.15 144 -029
i-Bu 9 206 250 -044 187 224 -0.37
s-Bu 8 214 219 -0.05 188 194 -0.06
t-Bu 7 257 191 066 231 167 0.64
CH,Bu 6 137 167 -0.30 114 144 -0.30
CHai-Bu 6 142 167 -025 120 144 -024
CH,s-Bu 9 203 250 -047 184 224 -0.40
CHot-Bu 12 280 364 -0.84 251 335 -084
CHEt, 11 315 323 -0.08 288 295 -0.07
CH,CHyt-Bu 6 145 167 -0.22 121 144 -0.23
CHt-BuMe 14 440 459 -0.19 4.09 428 -0.19
CHEti-Pr 14 442 459 -0.17 411 428 -0.17
CHPr, 11 320 323 -003 291 295 -0.04
CHMeCHyt-Bu 8 295 219 0.76 269 194 0.75
Oct 6 142 167 -025 119 144 -025
CMeyCHyt-Bu 10 366 284 0.82 336 257 0.79
CH,CH,CH?-BuEt 6 211 167 044 187 144 043
CHBu, 11 326 323 0.03 296 295 001
CHi-Buy 11 355 323 032 326 295 031
Cy1Has 6 139 167 -028 116 144 -028
CH(CHyt-Bu), 11 425 323 102 394 295 0.99

=30 °C, Can = 0.05, from Refs. 33-36.
P£=40 °C, Can = 0.05, from Refs. 33-36.
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—log k3 = 1.0179 (+0.4421) + 0.0182 (£0.0048).SVTI? 4)
n =25 r=0912, s = 0.454

—log k, = 0.8005 (+0.4279) + 0.0177 (£0.0046).SVTI? (5)
n =25 r=0.913, s = 0439

From Egs. (2-5) it is apparent that a high percentage of structural influence
on the reaction rates is encoded by the SVTI parameter.

The success in predicting the esterification rate, interpreted as a meas-
ure of steric influence of a group, encouraged us to compare this model with

TABLE III

Steric parameters SVTI, Eg, E'g, v, and = used in obtai-
ning equations (6-9)

Alkyl group sVr1T E2 E® v =
Me 1 000 0.00 052 178
Et 3 007 008 056 171
Pr 6 036 031 068 1.90
i-Pr 5 047 048 0.76 3.67
Bu 6 039 031 068 199
s-Bu 8 113 100 102 4.19
i-Bu 9 093 093 098 259
t-Bu 7 154 143 124 591
CH,Bu 6 040 031 068 193
CH,i-Bu 6 = - 068 -
CHas-Bu 9 - 097 100 -
CH,t-Bu 12 174 163 134 -
CHEt, 11 198 200 151 6.15
CEtMe, 10 - 228 163 -
CHEL;i-Pr 14 - 323 211 -
CHt-BuMe 14 333 321 211 -
CHPr, 11 211 203 154 6.80
CHBu, 11 - 208 156 -
CHi-Buy 11 247 238 170 822
CH,CHyi-Pr 6 035 032 068 253
CH,CHyt-Bu 6 034 033 070 3.20
CHMeCHyt-Bu 8 185 181 141 547
CMeyCHgt-Bu 10 257 248 174 17.63
CH(CHyt-Bu), 11 3.18 3.06 203 9.82

“From Refs. 7,8,12
"From Refs. 12,13
‘From Refs. 14-16
9From Ref. 29
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other steric parameters. The values reported in literature for the steric pa-
rameters E, E', v, and = were correlated with SVTI values, with the results
given in Egs. (6-9). All data used in correlations are presented in Table III.

-E, = —0.0222 (+0.5650) + 0.0183 (+0.0063).SVTI? (6)
n=19,r =0.896, s = 0.490

-E', = —0.0294 (+0.4938) + 0.0176 (+0.0050).SVTI2 7
n =23, r=0.906, s = 0.459

v = 0.4968 (+0.2281) + 0.00877 (+0.00023).SVTI? (8)
n=24,r=0.911, s = 0.219

Z = 0.9986 (+1.7966) + 0.0549 (+0.0243).SVTI? (9)
n =17, r = 0.861, s = 1.383

The correlations are significant, but not high, leading to the conclusion that
the SVTI parameter does not closely parallel the values of steric constants
defined earlier.

The SVTI descriptor meets several criteria for a successful steric pa-
rameter:
(i) it is free of all electrical and solvent effects.
(ii) the values of the SVTI descriptor can be calculated for all types of alkyl
groups
(iii) it is a measure of the spatially directed steric effect of a group oper-
ating through the attached atom.

Obviously, the new steric index SVTI is highly degenerated, because the
simple summation of the graph distances not longer than three loses a part
of the structural information contained in the molecular graph. Despite its
simplicity, SVTI reflects a major part of the steric effect of an alkyl substi-
tuent. Based on the results obtained with SVTI, we intend to elaborate topo-
logical steric indices with a better correlational ability.

We are encouraged to see that a structure-based index for substituents
can encode sufficient information in order to correlate fairly well with the
rate data. The SVTI parameter correlates well with the esterification reac-
tion rates, and satisfactorily with a number of well-established steric con-
stants, leading us to believe that this new theoretical descriptor of the steric
effect may be useful in QSAR analyses where the role of shape parameters
is significant.
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SAZETAK

Nacrtba topoloskih indeksa. 6. dio.
Novi topoloski parametar za steric¢ki u¢inak alkilnih supstituenata

Ovidiu Ivanciuc i Alexandru T Balaban

Steric¢ki uéinak alkilnih skupina karakteriziran je steri¢kim évornim topoloskim
indeksom (SVTI). SVTI jednak je sumi udaljenosti ne veé¢ih od 3 izmedu ugljikovih
atoma alkilne skupine i atoma na koji je grupa vezana. Prikazane korelacije s re-
akcijskim brzinama kiselinski katalizirane esterifikacije karboksilnih kiselina i s
raznim steri¢kim parametrima (Es, E's, v i Z) pokazuju da SVTI moze posluziti kao
stericki parametar u istraZivanju reaktivnosti.
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