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ABSTRACT.- The framework distortion of C3CZCC3 fragments is largely controlled by local 

strain release. It is not limited to the C3C- tilt previously mentioned in other 

compounds. We shov a very significant opening of angle CZC and an important 

symmetrical distortion of C3C- groups by expansion (2 = NO, S, 0) or compression 

(2 = C, NH, N&e, NS, P, Si). We discuss the effect upon the apparent size of 

tertiary groups. 

In congested systems, interactions between substituent groups lead a molecule to search 

for stable shapes by specific mechanisms of hot&iat? and of +mWohk dinhttition. These 

mechanisms are the foundation stone for the idea of "apparent" or "relative" size of groups 

described according to their volume, shape and positioning. 

When neighboring interactions dominate, the resulting geometry seems difficult to predict 

and requires a case by case analysis (1). 

Folk nume cung&hted 6ynttmb, Xht Atuaiion may be di~Jc.hent. The uwtgiu lieiizked ho the 

di6~eaent cuvlnfiai~ti co&d be titibuied in u @gmtnt in u p4heci5e and O~ati~ehab& manner, 

pnnticula,Qy agiec-tibzg certain 40~ucU~aLT e&miv&4. It is not enough to analyze the geometry 

in terms of internal coordinates in order to test this hypothesis. WQ have stidied -the 4 hape 

04 @agrnenh~ co-&h Rhe uid us LOCCU? 4ymmeLtq ;junctioti and with m6e/renc~ Xa L&t.& hub&iLuted 

compounds. 

The quantitative results were carried out by analyzing 239 -C3CZCC3- fragments from the 

Cambridge Crystallographic Data Base (2). The fragments are either acyclic or part of a 6 atom 

cycle. Indeed, we observed spectroscopic, UV, IR, NMR anomalies in both cyclic and acyclic 

series for various compounds with this type of fragment. These seem to indicate the existence 

of specific distortions despite the diversity of the Z atoms. 

METHODS : Local symmetry functions and LOSIR concept 

The shape is analyzed by reference to more symmetric ideal structures (C3y symmetry of 

C3C- groups, C2y symmetry of the CZC unit) and with the help of local symmetry distortion 

coordinates (3). Some reveal the discrepancy from C3, and C2y symmetries of C C- and CZC 
3 

1169 



1170 

units (coordinates S2 and S5, fig.1, for example). Others correspond to symmetry maintenance 

(Sl' s3, sq, fig.1). These latter may also reveal the system's response to certain structural 

strains if we compare their values with those of little substituted compounds CH3Z CH3 (Sl,S3), 

CHq (S& CH3 CH2 Z (CC)... 

3 = r1+r2 

s2 = r1-r2 

s3 
=S 

sb 
= "1+"2+"3-Bl-B2-83 

s5 
= 2B1-82-B3 

Fig,l 5 of the 19 symmetry distortion coordinates of -C3CZCC3- fragment. 

With our method we measure the distortions of real shapes as compared to Low Strain 

Ideal References (LOSIR). These idealized structures have ideal symmetries (3) and standard 

parameters, i.e. distances and angles of little substituted compounds. 

CRYSTALLOGRAPHIC DATA ANALYSIS 

Despite the enormous heterogeneity in the nature of the Z substructure, C&k&Mkl daihey 

Ponounced ~~e.guk?anitiec, wee dince,+tnab&. The relative perturbation of the bond angles with 

regard to the LOSIRs is far greater than that of the bond lengths. 

Bond lengths 

Mean bond lengths CZ (Sl) and CC are approximately the same in LOSIRs and in corresponding 

C3CZCC3 fragments. The difference between the two CZ distances can be large, affecting the 

Czv symmetry of the unit CZC (S2 coordinate), but it is not on an average more than 2% of the 

CZ distance. 

Bond angles 

When compared with the LOSIRs, angle perturbation is both systematic and large. 'It & 

not con@& 20 the. LiLt 06 the XBu mentione.d pevioudy in othetc behiti 06 compound5 (4). 

It includes three basic elements. 
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Fig.2 Bond angle distortion by CZC opening (a), compression or dilatation (b), rocking (c). 

a) 

(2 = si, 

b) 

The mean bond angle CZC is consistently about 4' (Z = Csp2, cyclic fragment) to 12' 

acyclic fragment) greater than its value in little substituted compounds. 

The CC3 group is distorted by a symmetrical compression or dilatation. In the 

acyclic series, tertiary groups are compressed. This is shown by a negative S4 coordinate. 

In the cyclic series, there is compression for Z = C, NH, NMe and NS but dilatation for 

Z = NO, 0 and S. This latter is shown by a positive S4 coordinate (Table I). 

c) The approximate threefold axis of the tertiary CC3 group does not point in the 

direction of the CZ bond but systematically deviates from it (S5 rocking coordinate). There 

is an obvious similarity to the Methyl tilt in MeOH, MeNH2, MeNO (5). 

Z 

s2 (i) 

S3 (degrees) 

S4 (degrees) 

S5 (degrees) 

Acyclic fragment Cyclic fragment 

csp2 P csp3 NO 

0.022 0.019 0.025 0.001 

5.2 9.0 7.5 11.0 

-10.5 -8.8 -5.1 + 5.1 

6.9 11.0 11.7 5.9 

Table I : Selected average values of the perturbation from LOSIRs of some Si coordinates. 

APPARENT SIZE OF TERTIARY GROUPS - CROWDING AND STRAIN RELEASE 

The real size of simple molecules is predictable. The real size of highly substituted 

molecules can be calculated and predicted by means of the study presented here. Indeed the 

dintahtion 06 Quzgmeti C3CZCC3 LA Lange, rnti~o~ and w& de&ml. 

Knowledge of these distortions makes it possible to tackle, with greater success than 

formerly, the apparent sizes of tertiary groups. This can bring about a better understanding 

of the variations of reactivity and of rotation barriers in series of increasingly crowded 

compounds. 
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Fig.3 The interaction between geminal tertiary groups is modified (b compared to LOSIR a) 

by opening the central angle (1) symmetrical distortion (2) and the rocking of 

CC3 groups (3). 

This study shows, in particular, that the mechatim 06 corrhelated hot~~Zon oh gfioupb 

C3C in C3CZCC3 (6) & no2 th & V&y UVlC &J mitiZQ the interactions of tertiary groups both 

between themselves and with their neighbors and, thus, the app~J~~ti clip& of these groups. 

The overall strain release implies this rotation as well as the framework distortion. 

Among framework distortions, correlated rotation and angle opening are particularly 

significant. They are not observed in little substituted compounds. They can be 

linked to the C40wding &daUx in the series studied, and we can conclude that these two 

distortion elements are the main factors for change in apparent size. 

Tilt and symmetrical rompression exist in little substituted compounds. The Methyl 

group tilt (Me OH . . . (5)) has been attributed to bond-bond repulsion interactions. In 

crowded compounds, the atom-atom repulsion interactions l-4 and l-5 are larger than the 

bond-bond repulsion interactions and act in the same direction. Although we learn a good 

deal from the regularity trends of the various structural distortions, it is premature to 

assess the electronic and steric contributions to the adaptative shaping processes. 
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