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~~stericefftctofalkyigmupsasc~bythenvisedTaft~~~isanalysedujinsan 
approach based on tbc DARC topntoeifat system and its PELCO cur&inn mctbod. This npproacb involves an 
analysis of the systemativ vnriatinn of E; in a topnlnt@l dcquencing of n&l gtnup~ and shows the eni&ncc of 
tbrcc rcginns of distinct bebaviourz RI, a %nnnai” bebnviour region (cu 6 & units) in which the contributinn of 
tbe inttnductinn of successive Me grnups tn tbc overall stcric c&t innraru m0ndonicdy (groups with 1 to 7 
carbuns): R II, a rq@ in which a “kvelling” effect it observed, i.e. the cnntrii diminishes and beconms nil 
(groups with 8 nnd 9 carbuns); and R III, where this contributinn cbnnges sign, “invcrsinn” e&t (groups with 10 
=bm@. 

Using a series of successive apprnximntiuns, topnw m&is nre developed and tested. The conditicns under 
whichthetopologymaybeusedtorrpnwtthe~y(i.e.tbenaiMimensionats~)arceomidtrtd. 
The corr&tinn of existing & v&es and the r&i&k prediction of expcrimentnBy unnvnilabic steric effects arc 
direct consequcnctJ of tbis tmntnznt. 

In the preuxhng article2 of this series we have developed 
an homogeneous scale of stetic effects hased on the 
Taft-In&d hypothesis and an exact specification of the 
defittittft reaction (acid-catalysed est~~on of car- 
boxylic acids in MeOH, at 4fP). This revised Taft scale, 
F& permits, for the fhst time, a sound analysis of the 
behaviour of the steric efkct with increasing sub 
stitution. Insofar as this hehaviour is not trivial its 
understattdittg presents an interestinft and, we feel, fruit- 
ful problem in chemistry. 

The es~lish~nt of &tiottships or, in a more strict 
sense, correlations, as well as the possiMity of predic- 
tion often constitutes the tirst steps in the comprehension 
of a phenomenon. In order to investigate the relationship 
between structme and the steric parameter II& we have 
used a topological approach based on the DARC system’ 
in which the evolution of a property within a spoon 
of ordered compounds is examine4 to bring out the 
diverse tendencies of the data and the possible existence 
of anomalous behaviour. It yields excellent structural 
correlations of predictive value and requires no 0 priori 
hypotheses concerning the nature of the phenomenon 
under consideration. In this approach groups are viewed 
as a set of divide sites which may easiIy be treated 
within a graph theory framework. 

Fotmal sequarcing of al,@ groups-Augmmt&n, 
kvaxng and invt?rsion of theit Es: vaime.s 

Previous work by Dubois d OL has shown how it is 
possible to establish purely fomd relationships between 
the shuctures of dcyl groups and propdcs.’ The nature 
and utility of these relationships depends on the ordering 
which is imposed on these structures. The classical 
notion of homology is lo&ally contained in this study of 
formal populations. FWhemNM, althou& usually asso- 
ciatedwithlhtearstructures,thetermtnayheBene&xd 
to htchtde branchIn& 

Considering that alkyl goups may be derived from one 
another by the formal replacement of an H by a Me 
group, it is possible to interrelate them by a formal iii 
s~~~~ the reptint. The structures may then be 
in&&d in a “hyperstruct&‘sb which brings out the 
formal relationships which exist among them @ii. 1). 
This representation of a population in graphical fornh 
wheretbenodesumespondtocompoundsandthelinks 
to rehitionships between the compounds, has previously 
been used to describe relationships of various kit& 
(reactions~ isomerism,” acne ~~o~~n’~ 
inchtding purely fotmal oM?s.~” 

The topolo&al description of an alkyl group, 00 
which the hyperstrttcture is hased, represents a loss of 
infotmation with respect to the real three dimettskxtal 
strttctttre. For the simpler groups the existence of stan- 
dard geometry and free rotations about bonds allows tire 
topological description to represent the real molecule 
faithfully. On the other hand, when there are interactions 
which give rise to privileged conformations and/or 
deformations, additional infornMion (experimental or 
calculated) is requhzd to in-late the topology aud the 
three dimensional structme. For this reason, the hyper- 
structure constitutes only a lirst order analysis which is 
subject to refinement. It permits us to determine general 
tendencies and to test the reMability of experimental 
data. 

weshallusethisformalsequencingofalkylgmups~ 
analyse the influence of introducing a Me into an alkyl 
group on its steric parameter E& The hyperstructwe, 
s~~F~l,~~~~~t~a~U~~~ 
conversion graph of the knowu alkyl groups, honWmor- 
phous to the group t-Bu3C-. From it, it is evident that 
groupswiththesamenumberofCatomshaveste& 
effects of the same order of magnitude. For families of 
isomers the order of &easing steric hindrance is: 
primary<~n~<tatiary.Thisistrueforalli~~ 
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F& 1. Hypatmtm (or formal evolution graph) rqmmting 
theevolutionoftkstericpmmeterEbofalkylgroupshommor- 
plKNlstothgrcupt-Bu$-a.safu&iollofsubstituuml.Coa- 
tained in each oval (i.e. node of the paph) are, from top to 
bottom,rkenumericaldescriptor(DEL)ofthealkyilprmp(see 
Fw 3). its relevant structme and & value. Over each arrow tbc 
G dikexe between successive group is given This hyper- 
smcturekngsoutthee~ofthreedistinct~:RI- 
successive methyl groups produce monokmically krea$g 
contriitions to the ovemll & value. RII--these contribuhons 
become smaller and even nil (lax&g etkt). RIII-a definite 
inwkon effect, i.e. a deaeaw in the abhlte value of tk 

oveadl eteric effect. 

families from *Pr (3 carbons) to t-BUM&- (7 car- 
bons). By indicating on each link of the hyperstructme 
the dilTerence between the steric pamme&s of the 
groups which are derived from one another by 
mouosubstitutioo one may visualize the variation of & 
duu,tethe ~ncccssive intnnfnction of Me groups. A 

xammaboo of Fw 1 shows three regtons which 
are, in fact, distinguished by the effect of the successive 
iutroductioo of Me groups: RI--up to and iuchaling 
groups with 7 C atoms iu which the cootriitioo of 
successive Me groups increases monotonically; RR-an 
imermediateregionclp’oupswith8aml9Catoms)iu 
which tltis cootriitioo diminishes and hecomes nil 
(except for the group i-P&M-); aud R III-an extreme 
region where this contribution changes sign (groups with 
10 c atoms). 

This bchaviour is more str&ingly portrayed in FS 2 in 
which the ordinate 6& (n +n + 1) represents the 

Fw 2. Variakm of & of alkyl groups with changing level of 
sllbsti~ 8% (n-mtl) vemls the numt!u of carbon 

atomw. O, R I; ., R II; ., R III. 

average variation of steric effect in alkyl groups and, tbe 
abscissa tbe number of C atoms in the corresponding 
groups. The monotonic (and relatively linear) cootriiu- 
tioo of successive C atoms in Region I is brought out as 
well as the levelliug effect of Re8ioo II and the inversion 
of sign of Region III. It is to be noted that A represents, 
for a given level of substitution (o), the auemge con- 
thtions to the ouemil steric t#ect of atoms possessing 
di&wst moirunments and as such constitutes a semi- 
quantitative point of view. In the following article we 
will come back to this problem in mechanistic terms 
where we will see the importance of conformational 
preference. 

It would be futile to seek a single explanation for the 
augmentation (R I), levelling (R II), and inversion (R Ill) 
of the steric parameter. These domains should be con- 
sidered separately shrce the effects which are operating 
are surely distioct. However, a complete data analysis 
does constitute a logical starting point for our topological 
treatment. 

Lam topolbgical analysis of the E& pammeter 

(a) comIotion in tarns of groups and sites. In order to 
relate compound structme to a particular phenomenon 
(reaction rates, spectroscopic data, etc.) it is coo- 
veutioualtomakeuseofcorrelationsiutermsofgroup 
proper&s (LFER);‘z correlations in terms of sites,’ less 
generally used, are also possible. 10 the former case one 
may use, for example, steric and/or electronic 
parameters to rellect substituellt character. The ap- 
plicability of substitueot parameters depends on the 
existence of similar intemctioo mechauisms in different 
reaction systems. Their use is therefore limited to the 
correlation of proper& of closely related systems. 

For comlatious in terms of sites, however, the im- 
portance of each site (atom or bond) is evaluated for 
each phenomenon studied usit only the data cor- 
responding to the system under consideration and the 
topology.Ouraimhasbeentouseatopologicalcor- 
relation techuique (in terms of sites) for the & steric 
parameters of alkyl groups. We have shown, to date, 
how a rather large body of experimental data (reac- 
tivity,” spectroQoopicJ’ phsrmacodynamic,” etc) can be 
correlated in terms of topology alone. 10 the absence of 
important molecular distortioo and/or conformational 
change the topogmphy may be adequately represented 
by the topoloey. 

Totakeimo accouuttheiulluenceofalkylgroupsoo 
molecular proper&s, a simpliGed non-bon&d intemction 
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mo&d is pmposed in which each site is associated with 
an intrinsic contriition together with interactions be- 
tween non-bonded atoms. In this approach we have 
sought not to minim& the total number of interactions 
but rather to minimiz the number of numerically 
d&rent interactions, by taking advantage of symmetry. 
To carry out a treatment in terms of sites requires, a 
priori, that the sites be ordered. Before considering the 
correlation results we will brierty discuss the 
DAWPELCO correlation* technique and the DABC 
order which are to be used here. 

(b) Concept of fan enoimnmenf which is limir4 con- 
centric and ordered (ELCO). The DABC topological 
system is based on the concept of an Environment ?! 
conceived in terms of concentric modules, in which 
atoms and bonds are unambiguously specified. This 
environmental approach makes use of both graph 
theoryI and the notion of order. 

In the DABC approach any chemical structure may be 
represented by a chromatic“ graph3 consisting of a set of 
nodes (any atom other than hydrogen) and links (bonds) 
which join these nodes. In this graph we choose an origin 
called the focus FO whose environment $ is organ&d in 
concentric layers of atoms, termed alternatively A and B. 
Two successive layers A and B constitute an environ- 
ment limited in B (ED). The environments Eu are num- 
bered accordmg to their proximity to the focus: EB1, 
Er,‘, . . . , Et,” (Fig. 3). 

The site labels A and Bu are obtained by means of 
topological ordering criteria applied to an enviromnent 
which is limited and concentric. The propagation6 of this 
Environment, which is Limited, Concentric and Ordered 
(ELCO),” over the total environment 8 permits the 
indexing of each site of the environment unambiguously. 
Z%e molecule is then reptwnted by a totally ode& 
gmph. A “connexe*’ matrix3 corresponding to this graph 
can be used for purpose of description. This matrix is 
broken up into smaller units which contain, separately, 
the topological and chromatic information on the nature 
of the atoms and bonds. The numerical Descriptor of a 
compound is then obtained by concatenation of all the 
partial Descriptors of the Environment which is Iimited, 
concentric and ordered (DEL). blhis DEL consists of 
the Descriptor of Existence (DEX) which indicates the 
topology and the chromatic descriptors (DLL Descriptor 
of Links and DNA: Descriptor of the Nature of Atoms) 
to which it is possible to annex, if required, descriptors 
specifying stereochemistry, chirality,‘9 and confor- 
mationm Alkyl groups, with which we are mainly con- 
cerned, are sutliciently described by the DEX, which is 
expressed as XA, XB,, ZBi2 XBU @ii. 4). 

TopdogylEA codatkm for alkyl groups-data ttwtment 
with indepedent site pertwfmtions and intcmction temu 

‘The chr0malism inch&s all the iafomdon that must be 
addedtotheexisbcegraphino&rtodescziitheplanar 
stnKtmalformulaofauxnpouadlbeexistemrgraphisanab- 
~to~Wmatedalipbatichydro&xmwiththesamenum 
berofbeavyatoms.calbolnmKllarcamM astbeamlpound 
under amsideration. 

*The DEL is an alphamm&c descriptor amtainhg, in 
sequeace.informatbnonthepkmarstrucblformu4tbe 
stereochemistry, and the -try within the tramework of the 
&eneralDAW~.Itisaspr&eestheprobkmarhaud 
rcquiRs.Ithwolthnotingthat,illthcabsenceofsucha~ 
laneuase.theaeedfortleatbgtopologicalaodgeometricaldata 
hasfrcqucntlYlUltOpdUtidsolutionstOtbCprobl~.” 

Fe 3. Concentric orgabtbn of the environment 8 in the 
DARC system. For acids the focus (FO) chosen is HOCOC = . 
The environmmt of this FO is organized in concentric layers. 
Two successive layers constitute an EnviroMrmt & liited in 

B. 

In the germral DAWPELCOZ’ method the “pertur- 
bation” of a pmperty resulting from the formal sub 
stitution of a compound in a series is estimated. This 
perturbation is associated with the site introduced even 
though, in reality, it is transmitted and redistrii over 
the entire molecule. The set of perhubation terms asso 
ciated with the diRerent sites of the environment is 
calculated by recursion. In simple cases the pertur- 
bations are additive. The most general equation, 
however, contains interaction terms which are to be 
expected in the present case since the steric parameter 
% is not additive in nature.pp 

In effect, without taking into consideration all inter- 
actions between non-bonded atoms, the simultaneous 
presence of two sites which are independent according to 
the DABC generation law sometimes requires the con- 
sideration of interaction terms. For example, the exis- 

/A1 -811 

FO--A2 

‘A, 

tcnce of the site Br, implies the existence of the site A,, 
while the sites A and A, can exist independently of B,,, 
with non-neghgiile AZ-B,, and Aa-B1, in&actions. 

crwh 

connaxc rMtrix 1 1 1 1 

(EX) 1 1 0 0 

1 0 0 0 

OEX (3 2 1 1) 

F~4.MnitioooftbeDBX.Thebcriptor(DBX)isob~ 
fromthesnmoftheekment.softheunmexematrixofthegmph 
npnsenting the grwp. DBX = ZA, SB,, ZB, ZBJ. For aikyl 
gnnmswbaelink.aandnodeaareideotical.DEX-DBL.ie. 

gcQmlalpbanomaicdaaipta.of;~. . 
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A preiii correlation on the overall data using 
both positive and negative perturbation and interaction 

It is, of course, trivial to consider the creation of new 

terms in order to account for the augnMation, lCVehit& 
in&actions to treat each new compound in a correlation; 

and inversion effects leads to an acceptable result (r = 
we have, therefore, looked for a simpler model in which 

0.9937, Ebf = 0.17, s = 0.22).” This brioes out the 
the interactmmi foiiow some general law. This approach 

seat departme from additivity of the site pertur- 
appears reasonable whenone considers the equivaltnce 

bations @ii. Sal. However, a number of rather huge 
Of certain intera&ns. We have chosen a simple, yet 

discrepancies between experimental and calculated 
satisfying, m&l rather than the basic PELCO treatment 

values prevents its use in the reliable prediction of new 
in view of the restricted nature of the population tu be 

steric constants (Table 1). 
considered. The interactions between no&o&d atoms, 

In order to have an approach with greater prediction 
considered here, lead to a more topographical model; at 

capacity we have restricted the population to the groups 
this point, however, their justihcation in physical terms is 
not sought after. 

homo~~hous to the group t-BuMe& In this regard 
we have tried to take into consideration all no~ne&iile 
interactions. It appeared at the outset that a~ asso- Topdogy @ co~u~0n.r--~& coMb& 4 with 
c&ions which are independent according to the DARC a Priori ~uu~ns 
genera& laws require interactions. The correlation thus (a) V& Cotvuiarion for alkyl groups in the first 
obtained (Con. 2) is excellent (r = 0.9!8!84, I& = O.OO68. eu&vnmatf (I&‘). In the simple model considered here 
s = 0.~~) but it does contain 8 parameters for 13 data we have divided the pertu&&on due to the introduction 
points (Pii. A, Table 1). of a site into an effective contribution and implicit inter- 

TaMc 1. Topological ccnclation V/Q values of dkyl groups nstktcd to 80 mviromnent with two concentric 
laym.Aand~~tnahncntwith~tsite~andintaactiontermJ 

GROtJP DEL PI* of c E; rxp CORREL.hTION I CORREl.ATION 2 

E; es1 A E; Cal A 

5- (IW(OOQO) I 0.00 0.00 0.00 0.00 0.00 
N#Kli2- (1a)(l000) 2 -0.08 +D.35 0.43 -0.09 0.01 

EtCH2- (l*)(lloo) 3 -0.31 -0.20 0.11 -0.31 . 0.00 

He2Ctl- (1*)(2Ow) -0.48 -0.42 0.06 -0.47 0.01 

i-PrCll2- (I+)(lllo) 4 -0.93 -1.19 0.26 -0.93 0.M) 

Et&CfI- (1~)(2100) -1.00 -0.97 0.03 -1 .OO 0.00 

14e3c- fl@l(3OW -1 .b3 -1.92 0.49 -1.b3 0.00 

t-BXJ12- (1*)(1111) 5 -1.63 -1.91 0.28 -1.63 0.00 

i-PrMeCM- (lr)(2110) -1.94 - 

Et2CB- (I*)(22001 -2.00 -2.33 0.33 

lwe2C- (1*>(31OD) -2.28 -2.41 0.19 -2.28 0.00 

t-EuneOt- (I*f(2111) 6 -3.21 -3.09 0.12 -3.22 o.ot 

i-PrEtCH- (1+)(2210) -3.23 -3.33 0.10 

i-PrMe2C- (1*)(3110) -3.54 -3.46 0.08 -3.54 0.00 

la2MeC- (l*)(3200) 

t-BuEtM- (1~)(2211) 7 

i-Pr2CH- (1X)(2220) -5.01 -5.23 0.22 

l%3c- (r*)(3300) -5.29 -6.91 0.38 

i-PrEtHeC- (1*)(3210) 

L-C”nc2C- (lff)(3lll) -5.40 -5.00 0.40 -5.40 0.00’ 

i-PrEt2C- (la)(3310) 8 -6.20 -5.91 0.29 

t-BuEo4cC- (I*)(321 I) 

t-BuPr’CU- (1*)(2221) -6.53 -6.09 0.44 

i-Pr2HcC- (lr)(3220) -7.38 -6.73 0.6s 

t-Bu2al- (1*)(2222) 9 -6.9? -6.97 O.W* 

t-BuEt2C- (1*)(3311) -7.21 -7.44 0.23 

i-Pr2EtC- (lr)(3320) -7.38 -7.81 0.43 

t-fwr’nec- (lr)(3221) -7.56 -8.00 0.44 

t-BuPriEtC- (1*)(332L) 10 -6.62 -6.62 O.OD* 

L-Pr3C- (19)(3330) -6.73 -6.73 0.00’ 

t-Bu2tleC- (1*)(3222) 

* For these cases A - 0 is trivial since last site perturbation ir valuated from single datum. 

Corrclotion 1 covers complctc experimental population. but has slight predictive capacity. 

Correlation 2 covers opulstion restricted to compounds in the trac@ of t-&M@2C; it is 

preciao but requires 1 paromctcrs for only 13 data points. 

Correlation I r - 0.9937, 9 - 0.17. s - 0.22, n - 2s 
Correlation 2 r - 0.999991, $ * 0.0066. s _ OsOOO3be * _ 13 
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Fii 5. wta batmeat with site perturb&ions. Topological correlations for various populations. In this figure the 
paturbationoftbeov~~~~~~~ofa~~s~is~~~s~~~w~,~~l, 
the variation is indicated by arrows between particular st~~turcs. (a) Valuated PJXCO gmph for complete 
txptrimtntd population (correlation 1); @) Similar vahmtcd graph for population rcetrictcd to compounds in the trace 

of t-Bu.Me& (correlation 2). The relevant & values an given iu Table 1. 

actions, Henceforth, the term in&action wili designate 
both implicit and explicit interactions, that is, inter- 
actions betwea sites that are dependent or independent, 
respectively, e to the DARC gene&on law. 
Thus the pertmktions due to the introduction of the site 
AZ, P(A& may be expressed as: 
Pi P(Ad = Canyon C(A3 

+ Interaction I (& - A,) 
Here, we distinguish three types of in&a&ions= be- 
tween (i) sites of rank n and sites of rank n- 1; (iii 
s sites of rank n; and @ii noa-gemkl sites of 

We also assume that the ~~~u~ of sites of the 
samerankhavethesamcvalue,i.e. 

Analysis of the I?& v&es shows that interaaions of 
the same type may be equated except for the inter- 
sctionsI(At-B13)~If~-B,dwhiChdiffetfrwtthe 
other I (Af - &j) intau%ons, i.e. 

I& - &) = I& - &) and I(Bu - Be) =I@f'J - BFU) 

groups (Con. 3) while the second includes krtiary 
groups as well (Corr. 4). This treatment is developed 
aaading to the PELCO method with D prion’ inter- 
action terms. The various contriiutions and interactions 
calculated by regression are given in Tables 2 and 3, 
and schematized in Fig. 6.‘l%e Student’s tesp on the 
regression coefficients for correlation 3 shows that, in 
spite of the fact that the overall correlation is signikan~ 
the data are not suflkient to determine the appropriate 
contributions and interactions. For correlation 4 the 
coefkknts are highly sign&an& however, except for 
the slight positive contriiution for the rank A carbons. 
This contriiutioo does not differ significantly from xero. 
The good agreement between the known E& values not 
used in the correlation and the corresponding experi- 
mental values indicates that the unknown values cal- 
culated by this method are reliable. In correlation 4 the 
range of values is -0.48 to -5.29; the complete domain 
isOto -5.40. 

AsanexamplewemayestimatetheE&val~ofthe 
group t-BuEtCH- us$g the data fp correlation 4 
zzio3&Thc topological apresentamn of this group is 

. 

2 C(A)+1 l(k-A,)+4 C(B,,)+ 

3 I(B,,- B,,.) + 3 I(/1 - B,.,) + 

1 I(&- Be)+3 I(B,,- Bw) 
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Tabk 2. Topokgid correlation WI& of alkyf g~~ups-sitc wntriiution mo&i with II P&I’ i&ractions 

GHOOP 

?3- 
-2- 

EtaI2- 

HL2cII- 

i-Pa*- 

EtMX- 

He3” 

t-B&%2- 

i-PrXeCK- 

lzt2cl5- 

lItNe2c- 

t-BuJkCH- 

i-Pr&tCH- 

i-PrHe2C- 

Et,NeC- 

t-BuEtCK- 

i-Pr2CB- 

Et3C- 

i-PrEtHeC- 

t-B@lc2C- 

i-PrEt2C- 

t-BuEtNeC- 

t-BuP&l- 

i-Pr 2uec- 

t-Bu2M- 

t-BuEt2C- 

i-Pr2BtC- 

t-BuPrkeC- 

t-BuPriEtC- 

i-Pt3C- 

t-Bu2HeC- 

l- fP of c 

1 0.00 0.00 0.00 

2 -0.08 -0.06 0.02 

3 -0.31 -0.35 0.04 

-0.48 -0.48 0.00 

4 -0.93 -0.88 0.05 

-1.00 -1 .oo 0.00 

-1.43 

5 -1.63 -1.64 0.01 

-1.75 

-2.00 -.x01* 0.01 

-2.ia 

6 -3.21 -3.21 0.00 

-3.23 -3.26’ 0.03 

-3.54 

7 -5.21 

-5.01 -S.Ol 0.00 

-5.29 

-5.40 

8 -6.20 

-6.53 

-7.38 

9 -6.91 

-7.21 

-7.38 

-7.56 

IO -6.62 

-6.73 

T CokTION 3 DEL 

(la) (wlo) 

(lt)(fooo) 

(I*)(1 100) 

(I*) (2000) 

(I~)(lllO) 

(l*)(2lM)) 

fW(3Oow 

(I+)(lllt) 

(r*)(zllo) 

(l@(22oo) 

(l*)(3100) 

(h)(2111) 

(W)(2210) 

(1*)(3110) 

(1*)(3200) 

(rq(22lr) 

(1*)(2220) 

(2*) (3300) 

(I*)(3210) 

(l=)(3111) 

(1*)(3310) 

(1*)(3211) 

(Iq(2221) 

(l=)(3220) 

(Irf(2222) 

(1*)(3311) 

(t*)(3320) 

(1*)(3221) 

(lq(3321) 

(I-)(3330) 

(1*)(3222) 

Al. The E,$ of this group not used in the correle 

b. V~lucs Iying outside the range corrol+ted. 

T CORBELATION 4 

0.05 

-0.02 

-0.28 

-0.4aa 

-0.82 

-1.06 

-1.45 

-1.65 

-1.92 

-2.04 

-2.34’ 

-3.27 

-3.30 

-3.51 

-3.63 

-5.06 

-4.97 

-5.33’ 

-S.Zl 

-5.38 

-7.32b 

-7.49b 

-7.13b 

-7.20b 

-9.70b 

-1o.oob 

-9.71b 

-9.Bab 

-12.79b 

-12.50b 

-14. lSb 

xi. 

0.05 

0.06 

0.03 

0.00 

0.11 

0.06 

0.02 

0.02 

0.04 

0.06 

0.06 

0.07 

0.03 

0.04 

0.04 

0.02 

1.12 

0.60 

0.18 

2.73 

2.79 

2.33 

2.32 

6.17 

5.77 

1 

Correlation 3 ccwers primary and secondary groups of Region I. Correlation 4 CDVC~‘II 

primary, srcondary, and tertiary groups of Region I. It has II high prcdictivc capscity 

in this region DS shown by ngrcrmcnt betwrcn calculated values of those groups not 

correlated. Extrnsion to groups of Regions II and III is prcsrntcd for compnriaon 

purposes (Fig. 6). 

Correlation 3: r - 0.99989. # - 0.044, s - 0.026, n - 9 

Corrflstion 4: r - 0.9995, * m 0.018. s - 0.057. n a 13 

where the appropriate intemctions and contributions are 
given. This yields an I$ value of - 5.06 (Table 2). 

The E& values calculated from correlation 4 for groups 
with more than 7 carbons are greater than the experimen- 
tal values and the difference increases with the number 
of~ns(‘IBble~FEg.7).onlyinthecaseofthegroup 
i&Me- is the E& corre&y estimated. It should be 
noted that the difference between the E% for this group 
and the group i-P&H-, from which it is derived by a 
formal replacement of H by Me is greater than the 
difference between the radicals with 6 and 7C atoms. 
The satisfactory estimation of the E& of i-PrJbieG is 
therefore not unuslu& 

ELCO). In order to have sufficient data, three iso@ 
pological populations containing Me and halogen (Cl, Br, 
orBhavebeenused.fnthisapproachwesepara@the 
contriin of the reference carbon from the Wuoma- 
tic” aeon of halogen. The results thus obtained 
are satisfactory: 

r=O.9%,$=0.125(Clgroups) 
r = 0.996,# = 0.108 (Br groups) 
r = 0.993,* = 0.170 (I gruups). 

The values of the various ~~butio~ and in&actions 
are given in T&e 4. 

(b) %I& condation for groups with halogen in mftk A, Here again a slight positive contribution for the GU- 
This correlation method, based on the separation of the bons of rank A, which statistically is not distiI&sbablC 
perturbation terms into contributions and interaction fromzer0,isfound.TberedUedsiE!0ftbep0puW0n 
terms, is also applicable to restricted populations of limits the prcdictivity (3 for the bromo, 1 for the c-9 
groups halogenated in the a-position (rsnk A of the 6rst and 3 for tbe iodo groups). The tluorinc containin 



Table 3. Coatrii ad interaction values of correlations 3 ami 4 
r I I 

cmfidcncc level of parnmcters : 

(4 : a 99.9 X ; (b) : > 99.5 

(4 : > 95 z ; (f) : > 90 x ; 
(i) : > 50 X ; (j) : < 50 X. 

See cable 2 

X ; (c) : > 99 % ; (d) : > 97.5 X ; 

(I31 : > 80 X ; (h) : > 60 X ; 

groups are not stdbciently numerous to merit such a 
treatment. 

(c) VD% estimation for alkyl mups extending to the 
second cnuironmenf (EB3. Table 5 gives the EL values 
for 14 alkyl groups extending into the second environ- 

ment (Em3 of which 8 are inch&d in the ttace of 

(CHXHL!HXH&CH-. These data are not sufficiently 

I IA,-A,.1 

/Bll 

htB12 

/ 

XJ,, 
,y 

FD,A~,&l 

\ 
‘<y-822 

‘. 
A3i: B,, 

I IA, - B,., I 

Fa. 6. Site cootriiutioo model with a prior’ interactioos: eou- 
meratioo of basic intcrmztions evaluated from the topological 
comlatioos. For the two upper graphs all relevant interactiona 
(I(& -A,.) and I(&, - B,,.)) are shown. For the two lower graphs 
only a few of the possiMe iotcractions (I(A, - &,) and I(B,, - B,.,.)) 
arc indicated. in the interest of clarity. All interactions of the same 
@WEal type arc equivalcot except in the case of the interactioos 
[(A - 4) where I(& - B13 arc equivalent to each other but 

Merent from the others of this type. 

numerous to permit automatic calculation. However, the 
excellent results obtained for the first environment alkyl 
groups as well as the halogenated groups would seem to 
justify a non-automatic extension of the method to these 
groups. 

As a first approximation we estimate the following 
contriiutions and interactions (Fa 8): 

C(A/‘) = C(A:‘) = C(B::) = C(B::) = -0.02 

I(A, - A:‘) = I(A, - A:‘) = -0.21 i = 2.3 

In the second environment (Em3 the contriiutions of 
the sites of rank A are the same as those of the sites of 

OF: - ’ . ’ -s -10 
’ E; ca~c. 

Fig. 7. Rclatiunship between experimental & values and those 
cakulated from site cootributioo with systematic interaction model 
(combion 4). The augmentation (linear portion), lcmdling and 
invasion effects arc evident. A-values derived from literature 
data. O,O, 0. new &values comspoaiiag to regions I, II and III 
of Ag. 1, rapcctivcly. @-values &ably in contlict with prcviuus 

cstbatcs. 
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steric e&cts-II 

T&k 5. Top&&l estimatiowite contriintion model with 4 p&n’ intetactions for alkyl groups with four 
ccnc+ric layers of carbon atoms 

GWUp DEL B; =P E;: Cal A 

rrPrQI2- (1*)(11C&)(1000)11 -0.35 -0.33 0.02 

U-Bdi2- (l*)(llW*)(ll00)ll -0.31 -0.35 0.04 

n-PriLM- (I*)(2lOO~)(ICeC)l1 -I .02 -I .02 0.00 

n-Bu&C%- (14)(21OOq(1100)11 -I .06 -1.04 0.02 

II-PrEtCll- (lq(2200*)(lOOO)l1 -2.00 -2.02 0.02 

IrBuBtQI- (1~)(22Wq(1100)11 -2.03 -2.04 0.01 

(hPr.) 2CM- (1~)(220Oq(1000)11.21 -2.03 -2.04 0.01 

n-BuPr”Ch- (lr)(22~~)(1100)11(1000)21 -2.06 

(PBu)~CJI- (1*)(2200~q(1100)11.21 -2.08 -2.08 0.00 

i-BuCH2- (1=)(1100*)(2000)11 -0.33 -0.35 0.02 

t~BuCH2CH2- (1*)(1100*)(3000)11 -0.32 -0.37 0.05 

i-BuMeCH- (1~)(2100~)(2000)11 -I .25 

t-Bu~2MeCIi- (1*)(2100~)(3000)11 -I .81 -1.48 0.33 

i-BuEtCH- (1q(2200=)(2000)11 -2.25 

t-EwX2EtQl- (1*)(22DOa)(3000)11 -2.40 

i-BuPrYX- (1~)(2200~)(2000)11(1000)21 -2.27 

t-BuC212Pr%l- (1~)(220O~)(3000)11(1100)21 -2.50 

(i-Bu)2Ql- (l~)(220Ow)(2000)11.21 -2.3B -2.52 0.12 

t-Bdi2Bu1QI- (1~)(2200~)(3000)11(2000)21 -2.73 

(~-BuCH~)~Q~- (1~)(2200~)(3000)11.21 -3.06 -2.96 0.10 

II-Prile2C- (1q(3100~)(1000)11 -2.30 

i-BuMe2C- (1~)(3100~)(2000)11 -2.53 

t-BuM211e2C- (1*)(31~)(3000)11 -2.48 -2.76 0.28 

Phe site values of Ei are estimted since the data are insufficiently numerous for l 

systematic correlation. 

161 

rankB.Inthecaseofptimaryandsecottdarylinear 
groups MI iate!raction8 are considered for these sites due 
to their remoteness from the reaction centte. The maxi- 
mum difference between calculation and experiment is 
033 for the group CH&BuCHXH-, representing an 
error of 18%; the average difference is 0.07 while the 
range of experimental values extends from -0.35 to 
-3.06. This approach allows a reasonable estimate of 9 
new E;I vahtes. 

The topological correlations Q?/& which relate in- 
dividual sites and overall group parameters allow the 
prediction of new values and bring out the relative . 
mpohnce of site contribmiotts and interactions be- 

_ A’; - B;; 

F@ 8. Trace of experimental act of alkyl groups belonging to the 
second limited environment. 

tween non-bonded atoms. To go further in our under- 
standing of the mechanism by which tbe steric effect 
operates the topology, which represents the topography 
only in the case of relatively simple molecules, must be 
completed by a study of conformation. In particular, the 
fact that the interactions I(A,-Bo) and I(AS-Bo) are 
nunnxically larger than the other interactions I(A - BzJ 
suggests that changes in preferred conformations are 
operating. This is quite a detailed problem in itself and 
will be considered in the following article. 

OVtIViCW 

The generative idea in this article is the concept of 
topological sequencing which is used in a very specific 
way to cortelate and predict the evolution of steric 
effects of alkyl groups with substitution. 

The PELCO topological approach, consisting of suc- 
cessive refinement stages, t&ns with a very general 
model (Correlation 1) which is able to correlate data over 
a range of 7 log units (Regions I, II and III) but has only 
slight predictive capacity. Restricting our attention to the 
data of Region I and choosing a simplified (I priori model 

yields a correlation which can be used to predict reliably 
steric effects within this limit (Correlation 4). This ag 
preach has been adapted to encompass groups containing 
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a-halogen atoms and those extending into the second 
environment (EB3. 

In the following article the ideal of sequencing will be 
pursued further, this time at the conformatiomll rather 
than at the topological level, making use of, among other 
things, the empirical force field method. While tbe accent 
in this article has been on con&&n and pn?dictb4 in 
the following one it will be on the closely related prob 
lem of intcrprdatin in mechanistic terms. 
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