
NONPLANARITY OF 71 SYSTEMS. AN AB INITIO STUDY OF NORBOFWENE 

AND NORBORNADIENE 

%%?war&. The geometry of norhornene I and norbornadlene 2 

calculations reveals the nanp':i*?larit;i of the I, system(s), 
on norbornene systems is analyzed in this context. 

fully optimlzcd by nb initio 

The exe addition of electrophiles 

The two 71 faces of norbornene I and norbornadlene 2 are chemically non-equivalent. The - _ 

most striking consequence is the exe stereoselection observed in the reactIon of an electro- 

phile with 1 and 2 [ 1,2] . In addition to steric effects, - the following stereoelectronic 

effects have been advanced to rationalize this preference: (I) unsymmetrical TI orbltal exten- 

slon [3,41 (ii) secondary interactions between the reactant and bonds neighbouring the IT 

system I51. Kec.ently, the planarity of the v system in norhornadiene systems has heen 

questioned [6], but no experimental evidence for this structural problem has been SO far 

reported [71. Theoretical procedures developed ln the last few years permit geometry optimi- 

zatlon, using the gradlent techniques [8]. They reveal that in different conformers and 

epimers of 7-norhornenol 3 the ?T system is not strictly planar and the CIC7C4 bridge is _ 

tilted clwa~ from the 71 bond 191. The latter result cannot he anticipated by steric conside- 

rations and is opposite to the experimentally determined structure of 1 171. _ 

In this communication, we report similar features obtained from an CL>) initi~ study of 

1 and 2 - _’ The geometry of 1 and 2 has been fully optimized, using the same technique and - _ 

ST0 3G basis set as was used for 3. This 1s followed by model calculations for electrophilic - 

attack on 1. Our results can provide an inslght into the “exceptional reactivity of the _ 

norhornene double bond” (x-factorjwhich has been reported recently [ 101 . 

GEOMETRY DTSTORTIONS. Among the geometry parameters reported in figure 1, we shall 

'ecus on those which we belleve have Lo do with the 71 system asyrznetry and exO/endO 

Figure 1 
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stereoselectivity. In I and 2, the C-H oleflnic bonds are slightly bent endo, so that the 7r _ 

system is not strict& phnai?; the out-of-plane deviation is larger in I (4.9") than in 2 _ 

(2.3") and 2. Furthermore, the methylene bridge at C7 in I and 3 is tilted io,rcly from the ~23 _ 

bond, i.e. B is larger than ~1, independently of the presence and position of the 7-substl- 

tuent; this difference is again larger in 1 (A~7.5") Lhaa In 2 (from 2.3 to 6.7"). In i, the 

l! 

~~,~,~~~l,o~~~ 

H 3 syn-cls 3 syn-trans 2 anti-cis 3 anti-trans 1 - _ _ - 

C7-H bond syn to 7723 makes a larger angle with the central bridge (125.6") than does the 

other C7H bond (124.5'). Clearly, this cannot be due to sterir effects, which are expected to 

give a. > B an ', and particularly in 3 anti-cis. The above structural results indicate a _ 

repulsion between the n23 orbIta and the C1C7C4 bridge, the geometry of the norbornene 

system being such as to decrease this repulsion. We shall limit the following study to the 

norbornene system, since it leads to larger effects than norbnmadiene. 

ORBITAL DISTORTION. As a result of the T bond nonplanarity, one might expect that 

the TI orbital is more developed exe than endo. The same exe hybridization has been predicted 

by Fukul [ 41, using a second order perturbation theory: the 7~~3 orbital mixes ~23intoitself, 

so that both TT 
23 

and 02~ are out of phase with $, ($, can be either the C,C7C4 bridge or C7-H 

antI, or the C1C6+C4C5 bond orbitals, at lower energy than n23). Since $, 1s more stable 

._f. nz3 

nr’ hh' 

@ "';' ..,,.*_.__... . ...*. I... . 2 23 = V23 + - '23 (I) 
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than ~~3, the mixing coefficient of ~~3 1s positive, and ~~3 is more developed exe. The plot 

of the HOMO of I (figure 2b) is consistent with such interactions [Ill and the coefficients - 

at C2 indicate a small exe rehybridlzatlon [ 121; however, the electron density plot in the xy 

and xz planes shows almost no endo/exo difference in the HOMO (fig. 2a), probably due to the 

smallness of the effect. Thus, when norborllene is in its equilibrium geometry, the 71 orbital 

distortIon is very weak, despite the nonplanarity of the 71 system. However, this is suffi- 

cient to Induce a preference for exe electrophilic attack (see next). 

The introduction of an electro-attracting substituent at the C7 methylene bridge of i 
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should decrease the repulsion between that bridge and ?T*~. As a consequence, we would expect 

the non planarity of the VT bond and the difference between Y and Li to he diminished, which in 

fact is supported on comparing structures 1 and 3. Conversely, an electro-donating suhstituent _ _ 
at C , is expected to increase the n bond nonplanarity and the preference for exe electrophilic 

attack [ 131 . 

REACTIVITY TOWARDS ELECTROPHILES. According to the above perturbation scheme (I) 

a stabilization of the 71 2_1 orbital resulting from the field of a positive charge decreases 

E 
I Jm 

c &Qrilq ZI? *Iripp~r_r<-:$c~yrr or_ F*IQ I@ r-rit !_ .&!-i_i,Jn. .Z>~ ir I_C‘Jd 1 r , : I_/: lss1L,.,~~,)Li!jT17~~~; _ _ w?clir ‘7 ( ;r(,r”‘:‘- 
_pF::tLx ccx: c;c$lcs -1s ir.cpg~s&~; , at least 1~1 the early stages of the reaction (later, more 

complex orbital mixing can occur). conversely, in the case of nucleophilic attack, the exe/ 

endo preference should be reduced, or even reversed. 

Model c~lculatlons for the interaction of I with Hf or H located at 2 a from the _ 

midpoint of the C2C3 bond, at 0 = lfl” (Cs symmetry) support the preference for exe electro- 

philic attack; whereas IHC exe is more stable than IH’ end<> (A = 7.5 kcal/mole) ___- , IH- endo 

is more stable than IH- exe (3.L kcal/mole)[l4]. 

The interaction energy (INT) between I and H+ calculated with the 4-3lC basis set _ 

at different angles 0 ran be deiomp”sed into its electrostatic (ES), polarization (PL), 

charge transfer (CT) and mixing (NIX) contributions [151. The results (Table) show that 

/- 
ENDO EXO -______.___. .~ ~___ 

ii -IO0 I)” Ill” LO” 0” ICI” 2o” 

-i-1-~.i (-11.8,ij _ 1.2 7. ] (- (2.j . 2 j- _ i-28. j- _ i Lb . i. 

-18.5 (-17.1) - I ‘I .4 -18.6 

TABLE. Protonation of 1 _’ Energy component analysis. 

(1) the total interaction energy INT favours always exe over endo attack. (11) The minimum 

corresponds to 8 positive, i.e. H+ attacking from the outside of the molecule (0 % 8O, exe; 

8 no 17”, endo; interpolated values), rather than in the T orbital plane. This releases the 

repulsion between H+ and hydrogen atoms of the CH2 groups(d li~xo- H = 1.88 ff, d H:ndo- H = 1.8 I ii 

If A = 0”) as reflected by the favoucable electrostatic energy ES. (iii) CT, which is the 

largest contribution to IKT favours exe. This ib paralleled by the calculated charge on H+ 

which is greater exe (0.762 e-) than endo (0.722 e-) at 8 = 0” ; however, the largest endo/ 

exe difference comes from ES. (IV) ‘l’t w only component in favour of endo is PL. It corresponds 

to the attack antiperiplanar to the more strarned and hence more polarizable C,C7C4 bridge. 

An electron attracting substituent at C7 should increase PL and reduce the exoiendo preferen- 

ce for electrophllir attack, as expected from the above structural and perturbation results. 

(v) The nonplanarity of the TI system is not essential for exo/endo differentiation; the above 

conclusions still hold when an alternative model with a planar 71 system is considered 

(\?a:ues in parontl*cse+, table) * Hcwwer, the !I0 ._,. _._. c. - __ r,,, 1 171 1 ri tv ~->:;“‘-iws thr_ exo/endo differences, 

as expected from the perturbation scheme. 



In summary, three different approaches: struzture optimization, perturbation theory and 

interactlon energy analysis provide a complementary picture of the 71 facial non equivalence 

in norbornene. These results should have bearing also on other molecules in which orbital 

dIstortIon is expected to perturb the planarity of the or system and thus influence the 

stereoselectivity of reactions [ 2,61, at least when an early transltlon state is expected. 

Other factors, such as interactions between non-reactive centers [ 161, the relaxdtlon or 

deformation of geometry [ 171 ran also play an important role 
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