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FUNCTIONAL SUBSTITUENTS o TO 13C: TOPOLOGICAL CORRELATION BY PERTURBATION OF A FOCUS

AND PRINCIPAL COMPONENT FACTOR ANALYSIS
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Abstract : The effect of a functional group, that of an alkyl environment and the degree
of substitution of a 13C focus are dealt with by the perturbation of a gfocus (DARC-PULFO
method). Their vardiations are satisfactornily interpreted by a relation and a netwonrk.
The coherence of this unitary model is congiumed by a data treatment involving factor
analysis.

In 13C-NMR, chemical shifts induced in a carbon chain by a functional group are generally
assessed whith respect to the corresponding alkane by means of frozen increments.1 However,
such models are lacking for branched structures where, depending on the alkyl environments,
Large variations in functional substituent effects are observed, particularly for the substituted
site. Thus, for a substitution from H to MeCO (between alkane H~R and ketone MeCO-R), the shift
induced in the carbon atom where it occurs is 31.4 ppm when R = Et and only 11.0 ppm when R =
CMeiPrtBu. An extension of the DARC-PULFO method of topological analysis by perturbation of a
focus, recently proposed for the correlation of a-methyl effects in 1:,’C—NMR,Z is suggested for

the interpretation and prediction of this diversity in behavior.

I.- TOPOLOGICAL ANALYSIS BY PERTURBATION OF A FOCUS

The effect of a functional substituent induced in the transformation of H-R into F-R,
where R = 13Cr1r2r3 with r designating the alkyl grougsand F the function, is assessed as
the influence of the perturbation of a focus between two ordered populations of associated

compounds differing only in that the focus of the one is H—13C and that of the other is F-13C.
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FO, FO' : focus, aAL : alkyl environment of 13C, f : functiopal environment.
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The influence of alkyl environments in each of these populations can be described by
Linearn relationships between the chemical shifts and topological parameters Ar, with a constant
degree of substitution of the resonant Aite.s’k

c-1 c-1

Populatloncf?’._I § = ¥y Zkr + (GH)O (1)
- _ ¢ C
Poputat1oné?F § = wf IR+ (8 )

In these relations, the shifts 6: and 5? are associated with alkyl environments bearing only

methyl groups ; wg, or m; 1, designates the susceptibility of 13C to alkyl perturbations and

is dependent on the nature of the functional groups and on the connectivity of the site (c-1

and ¢ for H-13C and F—13C, respectively); ZAr represents the sum of the topological parameters

of the sub-groups r comprising & The difference between these Linear correlation laws

AL"
(PULFO method) gives a linear model for functional substituent effects:

86 = W =i Ia (68 - (6 )
expressed as :
(a-H,F)717C - Aws—:'c I+ (a-H,F)Z_1’C )
’

The latter relation has two separate components, (a—H,F)g-1’C expressing the £imiting effects

associated with substitutions involving transformations of H into F for 136 sites in alkyl

environments reduced to methyl groups, and Aw;-l’c Zxr expressing the influence of variations
’
in the alkyl environment [ with factorization of the alkyl environments and of the susceptibility
of 13C sites into characteristic elements: (Zkr) and (Aw;_;’c)]
4

I1.- VARIATIONS OF THE EFFECTS OF FUNCTIONAL SUBSTITUENTS o TO 13C

In agreement with the model, Fig.1 illustrates the Linear relations established, according

13

to the connectivity of 13C,between the substituent effect for a transformation of H- "C into

MeC0-13c (between alkanes and ketones Mec013Cr1r2r3) and the topological parameters Zkr of the

alkyl environment of 13C. The parallelism of correlations A, B and C for the secondary,
tertiary and quaternary 13C sites indicates that the connectivity c barely affects the dif-

fenential susceptibilities Aw;-;;zo, whereas it strongly affects the specific susceptibilities
7

The validity of this linear model is confirmed by its extension to other functional
groups: F = OH, Me, COOH, Br, Cl, I, C=CH, CH2 = C(Me). 2§spite noticeable differences in the
amplitude of the effects of functional substituents o to ¢ for these different groups, there
is a big similarity in their evofvement depending on the connectivity of 13C (variations in
the limiting effects) or on the structure of the alkyl environments (variations in IX). Weak
variations in the differential susceptibilities Amg:l’c are detected for the groups studied,
except for the halogens which also display heightened Limiting effects. This pseudo-invariance
of Mw, for a given F, makes it possible to distinguish the environments which act on the
different terms in eq. 4 : the limiting effect (u-H,F)g_1’c depends on the degree of substitution

of 13¢ and on the natwre of F, whereas X _depends only on the structure of the alkyl environments.
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\‘ T emeeces O—e—e—e Figure 1: Correlation of H13C >
30 A A s MeCO-13C substitution effects.

Straight Llines A,B,C designate

secondary, tertiary and quaternary
13C sites, respectively.
(13C site : o)

(d—~H,MeCO) ppm

(A) (a-H,MeCO) 32.5 - 0.48 zxr
(B) (a-H,MeCO) = 26.4 - 0.47 zxr
(C) (a-H,MeCO) 21.2 - 0.45 zxr
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Figure 2: Principal Component Analysis and o Substituent Effects. Points are projected on the
plane of the two main factors (centered and scaled values).

Functional Environment: ¢a) Me ; (b) COOH ; (c) OH ; (d) HC=C- ; (e) H c=C(Me) () cL ;

2
(g) Br ; (h) I ; (i) MeCO.

Additional data : (i) A ; 13CEt3 , 13CEt Me2 , 13CH nPr Et: 4
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III.~ PRINCIPAL COMPONENT FACTOR ANALYSIS

Recent work by Wiberg et aL.5 and Wold et aL.6 introduces factor analysis methods for the
classification and description of 13C chemical shifts without a previously established model.
To check the form of eq. 4 observed for local topological correlations (Fig. 1), all the
chemical shifts caused by substitution for 9 alkyl environments and 8 functional environments

(for which all experimental data are known) were subjected to principal component analysis.7

This analysis indicates that, for the population studied, two factors are enough to
render the induced chemical shifts (with 98% inertia) in a first approximation. Fig. 2 shows
the points representing the alkyl enviionments and the points associated with the functional
envinonments (treated as L{ndividuals and varniabfes, respectively) projected onto the plane of
the two main factors. Therein, the points representing the alkyl environments are grouped into
very approximately parallel distinct segments according te the connectivity of 13C; this is
coherent with the observation that, for the structunes studied, a single parameter (linear
combination of the two main factors) is enough to describe the influence of the alkyl environ-
ments with 73C at a set degree of substitution. Moreover, except for the points associated
with halogens, all points associated with the various functional groups are clustered'thereby
indicating a large similarity in behavior.

. 13 _ 13 13
For some SAL alkyl environments ( Cr1r‘2r‘3 = CEt3, CMe2

MeCo, the few missing shifts have been estimated by topological correlation (G/ZAP), and these

Et, 13CEtnPr) or when F is

groups, without being included in the factor analysis, were projected as additional illustrative
data onto the plane of the two preceding main axes. Their positions (Fig. 2) support our
conclusions regarding the influence of the various active zones of the alkyl and functionat

environments on the amplitude of o substituent effects.

The convergence of both approaches is remarkable in view of the difference in methodology:
overall statistical nepresentation of a given set of data, and netwonrk of deseriptive and
predictive Local correlations (depending on an outside scale of parameters). The statistical
treatment supports the unitary topological model proposed for the interpretation of data by
local correlations proper to the alkyl environments and also elements of a general netwonrk
expressing the shifts associated with the variations in the connectivity and with the functional

effects on 13C sites.
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