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The molecular orbital model of hyperconjugation was utilized 
in rationalizing some long range interactions in carbocations. Con­
veniently such interactions can be detected by measuring secondary · 
kinetic deuterium isotope effects. Hilckel's 4n + 2 rule can be 
extended to interactions between the cationic center and pseudo-:n: 
orbitals of CH3, CH2 and CH groups respectively. Thus, in analogy 
to hyperconjugation one can envisage homohyperconjugation as 
the probable cause of normal y-deuterium isotope effects. Results 
are presented of studies of these effects in the adamantane and 
norbornane system. The stability of the 1-adamantyl cation can be 
ascribed to a favorable 4n + 2 configuration of a-electrons com­
prising the ~,y-carbon carbon and/or y-carbon hydrogen bonds. 
It is however not possible to distinguish between these alternatives 
since both could explain the observed y-isotope effects. In contrast, 
the four CH2 groups flanking C7 in the 7-norbornyl cation form 
an antiaromatic 4n pseudo-:n: system which could explain the 
exceptional instability of this cation. Interactions of the empty 
p-orbital with the subjacent 4B2 pseudo-:n: orbitals give rise to 
small normal y-deuterium isotope effects of homohyperconjugative 
origin. In this system, due to symmetry constraints hyperconju­
gative interaction with the ribbon orbitals of the a-framework 
is not possible. 

Carbocations are inherently unstable species and their formation from 
parent hydrocarbons by hydride abstraction in the gas phase is strongly dis­
favored energetically when compared with the formation of radicals. The 
experimental heat of formation, /1 Hf, (298 K for CH3+ was found to be 261 
kcal/mol** while the conversion of CH3 + to the radical 

CH/ + e----+ CH3 • 

is exothermic by 227 kcal/mol1 which gives an estimate of the electron affinity 
of the empty p-orbital in the cation. Among carbocations the methyl cation 
is clearly the least stable and doubt has been expressed whether it can exist 
at all in the condensed phase2• Cacace et al. described an ingenious procedure 
------ ~ -i l 

* Presented in part at the International IUPAC Symposium on Aromaticity, 
held in Dubrovnik, Croatia, Yugoslavia, September 3-5, 1979. 

** 1 kcal = 4.184 itJ. 
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which allows experimental studies of the methyl cation. Radioactive decom­
position of tritiated methane, a relatively slow process, generates tritiated 

-~-
CT4 ~ CT3

3He+ ~CT;+ 3He 

methyl cations which can be captured by suitable nucleophiles3• The synthetic 
and mechanistic applications of this technique are likely to yield important 
information on the behavior of carbocations in the gas phase. 

The instability of CH3 + can be rationalized in valence bond terms. Resonance 
stabilization by the »no-bond« canonic structure as the only available means 
for charge dispersal must be negligible. 

H. ~ 
·c-H 
~ .. -

Theoretical ar.1tuments corroborate the prediction based on the simple 
VSEPR model that the methyl cation is planar. As will be seen later, this 
conclusion is not necessarily valid for strained carbocations. 

The lack of a suitable mechanism for resonance stabilization in the methyl 
cation can be amended by appropriate substitution. Thus, the heat of formation 
of CH3CH2+ is 917 kJ mo1-1 (219 kcal/mol) or 172 kJ mo1-1 (41 kcal/mol) less 
than that of CH3+ while a methoxy group stabilizes the methyl cation by as 
much as 407 kJ mo1-1 (97 kcal/mol)4! The valence bond description gives an 
adequate »explanation«. 

H3 C-CH2 + B H+H2 c = CH2 

H3 co-cH
2 
+ B H3 co+= cH2 

The differences in stabilities of these cations are reflected in the corresponding 
solvolytic reactivities. CH30CH2Cl solvolyses in ethanol about 1013 times 
faster than n-propyl chloride5• 

Alkyl groups, as exemplified above, stabilize the cationic center to a lesser 
extent than some heteroatoms which have the ability to delocalize the positive 
charge more effectively. In molecular orbital terms this stabilization results 
from the interaction of the empty orbital at the cationic center with the filled 
orbitals of the adjacent cr C-H (or C-C) bonds6• At first approximation this 
can be regarded as a HOMO-LUMO interaction between the 2py or 2pz pseudo-re 
orbitals of the methyl group with the Py or Pz function of the cation (Figure 1). 

This interaction provides the molecular basis for the stabilizing effect of 
a-alkyl substituents on carbocations, commonly described as hyperconjuga­
tion7. In addition to this type of interaction, i. e. electron donation from the 
adjacent cr C-H (or C-C) bond, alkyl groups adjacent to an electron deficient 
center also exert an inductive stabilization through the framework of cr-carbon­
-carbon bonds. 

Measurements of gas phase acidities lead to an estimate that the average 
stabilization resulting from a-methyl substitution amounts to about 15 
kcal/mol, which is equivalent to a rate enhancement of 1011 relative to 
hydrogen. In solvolysis the attenuating effect of the solvent becomes apparent 
lowering this value on average by 105 to 106 8• Because the molecular basis of 
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the methyl group effect is probably best understood of all substituent effects, 
methyl substitution is used as the standard probe for charge delocalization 
in heterolytic transition states. 

From the molecular orbital description of hyperconjugation (Figure 1) 
certain conclusions can be made. 

-t ~,' 
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Figure 1. Orbital interactions between the filled pseudo-" orbitals of the methyl group and the 
empty p-orbital of the carbocation. 

(i) The magnitude of hyperconjugative (stabilizing) interaction depends 
on the dihedral angle between the empty (LUMO) p-orbital and the pseudo-ii: 
(HOMO) orbital of the methyl group. The best overlap between these two 
orbitals is achieved when this angle is 0° or 180° 7 • 

(ii) Electron withdrawal from the adjacent C-H bond into the vacant 
p-orbital causes a weakening of this bond and consequently a lowering of the 
appropriate vibrational force constant9• This change in the force constant 
can be detected by measuring kinetic isotope effects in carbonium ion forming 
reactions using deuterium labeled substrates. 

(iii) Hyperconjugative interactions are small when compared with steric 
and inductive effects of alkyl groups. Neither C-H nor C-C hyperconjuga­
tion are important stabilizing factors. Thus in the ethyl cation the sixfold 
rotational barrier is practically zero and in the n-propyl cation it is less than 
3 kcal/mol1°. However, strong electron donating or electron withdrawing groups 
show definite conformational preferences7• In the cation conformation A will 
be preferred if X is an electron donating group while conformation B will be 
more stable for X being an electron withdrawing group (Figure 2). 

It appears that the stabilizing influence of hyperconjugation is quite 
significant in strained transition states. In some cases geometrical distortions 
due to hyperconjugation lead to 1,2-shifts possibly via bridged transition states 
or intermediates. It is however difficult to distinguish between stabilization 
without bridging (hyperconjugation) and with bridging (participati!on)7,11 • 
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Figure 2. Conformational preferences in the XCH2CH2+ cation for X being an (A) electron donating 
or (B) electron withdrawing group. 

The predominantly hyperconjugative origin of the a-metyl group rate 
effect was confirmed by the observation that this effect can be correlated 
with CD3 B-deuterium isotope effects12• 

This correlation can be expressed as: 

log k CHs /k CDs = 0.02024 log k CHa /k H 

and is based on rate measurements on a group of structurally different sub­
strates (Table I and Figure 3). 

From this linear relationship it was possible to develop mathematical 
expressions which correlate the magnitude of the B-deuterium isotope effect 
with the dihedral angle between the adjacent p-orbital of the carbocation and 
the adjacent C-H (D) bond13,14• Implied in this approach was the separation 
of the conformationally independent inductive deuterium isotope effect (k1) 

from the conformationally dependent hyperconjugative effect (k0 ). 

log k~ = log k1 + log k 0 cos2 -fr 

The cos2 {} relationship follows from the simple perturbation molecular orbital 
theory according to which the energy of stabilizing a two-electron interaction 
between a vacant p-type orbital lpp and a filled orbital of n symmetry -ip,, is 
given by 

II = I "Pp H 'If!,, d-r 12 
(EP-E,,) 

Introduction of the Wolfsberg-Helmholtz approximation15 yields an expression 
for the energy of hyperconjugation which depends on the square of the overlap 
of the interacting orbitals 

I "Pp 'ljJ,, d-r 12 
f>== ~~-~-

(Ep-E,,) 
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As the angular dependence of the overlap goes as the cosine of the angle 
between the interacting orbitals, the hyperconjugative energy should follow 
a cos 2{} relationship. 

TABLE I 

a-Methyl Group Rate Effects and CDs/CHs Isotope Effects 

COMPOUND 
kCCH3/CD3l (R = H1 CH31 CD3) kCCH3/H) 

R 

}Q-' 108.12 1.lf'l 

al' 107·0 1.112 
l 

3 
~ 

(cH:i)2C-X 106 1.33 

4 O<R· 101+.44 1.25 x 
d-x 104,36 1.21 

5 

6 c4x 10•·2? 1.22 

A 

7 C>-r-x 103-62 1.18 

R 
CCH3) 3CH-·R 1a2 1.09 

8 

* R ct-x 1 02·11 1,09 
9 

10 ~ 1o2 :1,09 

The graphical representation of the angular dependence of B-deuterium 
isotope effects is given in Figure 4 for a range of different CH3/H rate ratios. 

Theoretical evidence from molecular orbital calculations supports the 
»cos 2{} rule« and also shows that this rule can be applied to radicals and 
carbocations as well14• 

That methyl group orbitals of re symmetry could be made responsible for 
ground state conformations of some molecules was suggested by Pople et al. 16• 
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Figure 3. The linear relationship b etween log (k CH/kH) and log (kcHa /k CDs) . 
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Figure 4. Angular dependence of log k (H/D) for different values of Jog k (CH
3
/H) , 

Ab initio calculations at the ST0-3G level show that conformations of double 
rotor molecules CH3-X-CH3 are determined by the electron contribution of 
the central grouping X. For X = 0, NH, CH2 this contribution will approach 
2 electrons and the cycle formed by the 2prr orbitals on the methyl group will 
contain 6n electrons and be »aromatic« in conformation A. For X = CH+ as 
in the 2-propyl cation, the cycle will contain 4n: electrons, be »antiaromatic« 
and prefer conformation B (Figure 5) . 

Implied in this reasoning is the extension of Hiickel's rule to atomic 
orbitals of the 2pn: type involved in the CH-a bond. It should be pointed out 
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Figure 5. Orbital orientation for two different conformations of a CH3-X-CH3 molecule. 

that we also used these same orbitals in rationalizing hyperconjugation and its 
angular dependence. 

That Hiickel's 4n + 2 rule can also be applied to ions is known since the 
aromaticity of the tropylium ion was recognized17. Later Goldstein and Hoff­
mann18 presented theoretical evidence that a pericyclic topology is not ·a 
necessary prerequisite for aromatic stabilization. With the recognition of other 
topological possibilities in spirocyclic, longicyclic and laticyclic interactions 
aromaticity ceased to be a phenomenon restricted to one plane (Figure 6). 

+ 

tb 
PERI CYCLIC LONG I CYCLIC 

SP!ROCYCLIC LAT I CYCLIC 

Figure 6. Different topologies for aromatic stabilization. 

This has not been the only extension of the concept of aromaticity. Some 
20 years ago the unusual solvolytic behavior of the bicyclo[3.l.O]-hexyl cation 
led Winstein to advance the concept of homoaroma1Jicity19. It was recognized 
that this cation is in fact the »non-classical« tris-homo cournterpart of the 
cyclopropenyl cation (Figure 7). 

Figure 7. Homoaromatic orbital stabilization in the bicyclo [3.10] hexyl cation. 

It is apparent that the interaction leading to stabilization of the bicyclic cation 
differs from the overlap in the parent cyclopropenyl ion on two accounts. 
Firstly, the orbitals involved are the Walsh orbitals of the cyclopropane ring 
system and therefore not of the ordinary n type, and secondly the system is 
not planar thus exhibiting a one side overlap of increased a contribution. 
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With variable success and with great expenditure of theoretical and 
experimental effort the search for examples of homoaromatic stabilization 
continued well into the present time19c; The principal issue has been the 
question of (i) how extensively can the involved n system be disrupted and 
distorted while still exhibiting a stabilizing interaction, and (ii) how such 
an interaction can . be detected and quantified. 

In the context of this presentation we shall limit our discussion to the 
problem of interactions in carbocations generated solvolytically focusing on 
systems where electron delocalization can be detected by measuring secondary 
kinetic deuterium isotope effects. The conceptual connection between hyper­
conjugation, conjugation and aromaticity is provided by the similarity of 
n-orbitals in conjugated and aromatic systems and the 2pn orbitals of C-H 
bonds in their saturated counterparts. Analogously, homoconjugation and ho­
moaromaticity could be linked with homohyperconjugation. The following 
examples illustrate these points (Figure 8). 

' · . ~ ' ~~-+ YD~~~ ~ (] 0 .... 

CO!IJUGATIO!I HOMOCONJUGAT!Otl AROMATICITY 

' ~~· ii~· ~ 0- 0 (J 0- 0 (j 0 

.HYPERCONJUGA TIO fl HOMOHYPERCONJUGAT!ON HOMOAROMATIC!TY 

Figure 8. Different stabilizing interactions tn carbocations. 

If the same mode of interaction exists between a B-CH bond and the 
cationic center as with a y-CH bond in the homologue, deuterium substitution 
should give rise to a normal (kH/k0 > 1) isotope effect (Figure 9). 

H 

--~_J -+(> ·;""-
' ' --~-=--

Figure 9. C-H Hyperconjugation vs. C-H homohyperconjugation. 

Quantum mechanical considerations predict a rapid fall-off of through 
space interactions at distances greater than 250 pm or more than three carbon 
atoms apart. It is evident that such long range interactions should be critically 
dependent on the proper orientation of interacting orbitals. Although hyper­
conjugation is usually considered as a 1,2 or B-effect, in rigid systems where 
adverse entropy effects could be minimized, interactions from the y-position 
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may also be expected. Cases where deuterium rate effects from y or even 
more remote positions were observed can be found in the literature20- 21 (see 
Figure 10), but homohyperconjugation was never e:x'plicitly invoked as the 

D 

OTa 

D 

~or. 
CD

3 
C!l3CH=~-rii~cH3 

Cl 

'-ISOTOPE EFFECTS 
~per atom D) 

0,99"' D~oMs 
D 

~OMs 
D 

• CD3•CH2TH-C(CH3) ;i.·0.99ld 
. Cl 

yDJ. 
CD3·y·CH-CH3 1.0018 

CD3 qss 

aref. 20; 0ref, 21; cref, 22; dref·; 9; •ref, 23; fref, 2~; 
gref. 25; href. 26; iref. 27. 

Figure 10. Some selected y-isotope effects per atom D. 

cause of these effects. Furthermore, inverse effects (kH/kn < 1) were con­
sidered as the normal kinetic response to y-deuteration28 • Normal effects 
(kH/kn > 1) were usually interpreted as being due to some specific interpre­
tations as in the case of y-deuterated norbornyl derivatives20 • Here a-bond 
participation leading to a nonclassical cation was the obvious rationalization 
for the observed effect (Figure 11). 

/ 1.09 

Figure 11. y-Isotope effects in exo-norbornyl derivatives. 
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In order to test the hyperconjugative and homohyperconjugative inter­
actions 1-adamantyl derivatives 1-3 were solvolyzed and the corresponding 

2a X= OTs 

b X = l'!r 

3a X:OTs 

b X:Br 

isotope effects determined29• The results confirmed the predictions made on 
the basis of the simple perturbational molecular orbital theory (Tables II 
and III). 

TABLE II 

Isotope Effects in Solvolysis of 1-Adamantyl Tosylates 1,2a, and 3a 

com pd• solvent"·' temp/°C kH c,a X 104/s-1 k (H/D)0
·d k (H/D)c0 ; 

1 96E 25 2.020 ± 0.009' 1.000 ± 0.0086 1.000 
2a 96E 25 2.020 ± 0.009 1.036 ± 0.009 1.041 
3a 96E 25 2.03 ±0.02 1.069 ± 0.012 1.073 

• 0.002-0.003 mol/dm•. b E = ethanol (v/v). c Mean values from six to eight m easurements. 
• Errors are standard errors. e Corrected to 100•/o deuteration. ' Reported value 2.07 X 10-• s-1 
in 95'/o (v/v) ethanol at 20 oc, ref. 15. 

TABLE III 

Isotope Effect in Solvolysis of 1-Adamantyl Bromides 2b and 3ba 

com pd• solventb,c temp/°C kH d,e X 104/s-1 k (H/D)0
·" k (H/D}cor 

. 
2b 80 T 25 0.880 ± 0.004 1.026 ± 0.022 1.03 
3b 80 T 25 0.880 ± 0.004 1.050 ± 0.028 1.053 

• For a list of solvolyt!c rates of 1-adamantyl bromide in different solvents see: D. J. 
Raber, R. C. Bingham, J. M. Harris, J . L . Fry, and P . v. R. Schleyer, J. Amer . Chem. Soc. 92 
(1970) 5977. b 0.002-0.003 mol/dms. c T = 2,2,2-trifluoroethanol (w/w) . d Mean values from four 
measurements. e Errors are standard errors. t Corrected to 100'/o deuteration. 

The absence of any significant B-effect can be easily understood on the 
basis of the valence bond description of the 1-adamantyl cation: 

4 4a 

The canonical structure 4a violates Bredt's rule and therefore cannot be of 
importance in stabilizing the cation. 
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For the observed y-effects the valence bond method offers two explana­
tions. If electron donation from the B-y C-C bond is stabilizing the cationic 
center, resonance stabilization by carbon-carbon hyperconjugation should be 
important. 

+ 

lQ 
4 4b 

An equally good explanation can be based on homohyperconjugative stabiliza­
tion from the y-C-H (D) bond(s). 

4c-d 

Using the homohyperconjugative model as the basis for the y-effects the 
following molecular orbital description of this interaction can be advanced. 

II -,-, --

Figure 12. Orbital interactions between the cationic center and the y-C-H(C-D) pseudo-" 
orbitals in the 1-adamantyl cation. 
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The pseudo ;;i:-orbital of the y-CH(D) bond has the right orientation 
with the backlobe of the p-orbital at C/. This interaction should be unhindered 
by solvent molecules which cannot easily occupy the space inside the adamantyl 
skeleton. Also, the symmetry of adamantane provides for a possible interaction 
of all three of these orbitals from the y-positions forming a pseudo Walsh-type 
configuration with cyclopropane like symmetry (Figure 12). However, simul­
taneous interaction of all three pseudo-n: orbitals is possible only with the 
subjacent level of ;;i: orbitals which could explain the smallness of the observed 
effect. 

By using the three pseudo-n orbitals of the bridgehead CH(D) bonds 
we are in fact constructing a Hiickel 4n + 2 system of laticyclic topology13 • 

This kind of stabilization implies a delocalization of the positive charge over 
the four bridgehead carbon atoms in a formally hexahomotetrahedranyl 
cation 5. 

5 
Not surprisingly, similar reasoning could be applied to the hyperconjugative 

model. The three, B,y-a-CC bonds form a pericyclic 6 electron Hiickel system 
properly aligned for interaction with the vacant p-orbital at C1 . 

Q 
,-f} 

0 

Ab initio calculations at the ST0-3G level were performed to examine these 
same stabilizing influences29 . In the optimized geometry of the 1-adamantyl 
cation the adamantane skeleton suffers considerable distortion. Bond angles 
at C1 have opened to 117.5° with accompanied flattening by 11.2° towards 
planarity. The energy gained by these structural changes is about 28.6 kcal/mol. 
Some bond lengths have also changed: C-C bonds around C1 have shortened 
by 4.3 pm and the C~-Cy bonds have lengthened by 5 pm (Figure 13). 
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Theoretical isotope effects were calculated for the two isodesmic equi­
librium reactions (1) and (2)ao. 

"' p·~p·"~ f{J"·tf" 
OJ JJ•J;Jn~ p. Po 

reaction 1 
reaction 2 

TABLE IV 

Theoretical Isotope Effects and Force Constants 

adamantane 

725.8 
728.7 

1-adamantyl 
cation 

726.6 
741.1 

1.001(1.000) 
1.014(1.041) 

• Effect per D atom substitution; experimental value in parentheses. 

For both reactions the results are in agreement with the experimentally 
observed B and y effects (Table IV). These and accompanying studies on 
y-substituted adamantyl derivatives29 indicate that the main stabilizing inter­
action in the adamantyl cation arises from carbon-carbon hyperconjugation 
but some homohyperconjugative electron donation from the y-CH bonds 
cannot be excluded. 

It deserves mentioning that while this work was in progress experimental 
results became available which strongly suggest that the 1-adamantyl cation 
is intrinsically more stable than the tert. butyl cation31• 

Similar long range interactions giving rise to y-effects have also been 
observed in the solvolysis of adamantyl derivatives 6 and 7. 

6 

kHfk Ds 1.0526 

(600/o dioxane, 50 °c) 

7 

kHfk D, 1.0434 

(700/o TFE, 60 OC) 

From the similarity of n and pseudo-n orbitals, homohyperconjugative inter­
actions and consequently normal y-deuterium isotope effects may also be 
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expected in systems where charge delocalization by neighboring double bond 
participation is known to occur. 

The best known examples of such stabilization are the 7-norbornyl and 
7-norbornadienyl cations35• The parent 7-norbornyl system offers one additional 
advantage over the adamantyl system. Here due to specific orbital »non-inter­
actions«36 a separation of carbon-carbon hyperconjugative interaction from 
carbon-hydrogen homohyperconjugation may be possible. 

J; £ . J; 
8 9 JO 

krel 1 1Ql1 1014 

In solvolysis tosylates 9 and 10 react 1011 and 1014 times faster than the 
parent saturated 7-norbornyl tosylate (8) (Figure 13). The high reactivity of 
7-norbornenyl derivatives relative to 7-norbornyl derivatives can be attributed 
to the homoaromatic stabilization of the cation. The bridge orbital interaction 
is of proper symmetry37 to allow for a bis-homoconjugative interaction of 
4n + 2 pericyclic topology which is similar to the one in the bicyclo [3.1.0] 
hexyl cation (vide supra) (Figure 14). 

' \ 

,...­
' 
' 
' I 

Figure 14. Orbital interactions in the 7-norbornenyl cation. 

The additional stability of the 7-norbornadienyl cation, a 4n :rt electron 
system, cannot be explained in these terms. This ion is of longicyclic topology18 

and required the modification of the Huckel's rule as formulated by Goldstein 
and Hoffmann18•38• »A fully unsaturated bridged bicyclic ion is expected to 
be stabilized if any two of its three bridges differ in mode. Thus, if two each 
possess 4n :rt electrons (mode 0), the third must posses 4n + 2 (mode 2) and 
vice versa«. Accordingly, the 7-norbornadienyl cation is a bicycloaromatic 
species, and should also be stabilized18• The stabilization introduced by the 
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second double bond is however smaller than the one for the first (103 vs. 
1011 in relative rates). The orbital interaction diagram offers an explanation. 
In the symmetrical ion the interaction between the two mode 0 ribbons is 
destabilizing while that between the empty p-orbital at C7 and either of the 
2° ribbons is stabilizing. 

In order to escape this situation the ion choses the alternative unsymmetric 
geometry where the interaction with one double bond is increased but with 
the other decreased. In the first interaction (A in Figure 15) a bishomocyclo­
propenyl cation is formed whose LUMO orbitals, again of pseudo-Walsh type, 
have the proper symmetry for interaction with the HOMO orbital of the 
second double bond (B). The stabilization thus occurs in two stages and this 
simple PMO-model adequately explains the differences in reactivities between 
7-norbornene and 7-norbornadiene derivatives. The reasoning applied here 
parallels the one suggested by Loew and Wilcox for the resolution of the 
»quadricyclyl cation puzzle«39• 

homo 

A 

·~ . : . . -· :.· 

I 
I 

' I 
\ ,,/ 

Figure 15. Orbital interactions in the 7-norbornadienyl cation. 

The extreme solvolytic unreactivity of 7-norbornyl derivatives - the 
tosylate has a half life in acetic acid at 25 °C of 3 455 200 years - has intrigued 
chemists for a long time. An attractive explanation for the destabilization in 
the 7-norbornyl cation was suggested by Hoffmann, Mollere and Heilbronner36• 

It is blamed on the inability of the high lying set of degenerate ribbon orbitals 
of the a-bonds in the underlying cyclohexane ring (in boat conformation) to 
interact with the p-function at C7 (Figure 16a). Both, the AA and SS ribbons 
are of wrong symmetry for such interactions. This lack of any means for 
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Figure 16. (a) »Ribbon orbitals« and (b) pseudo-" orbitals in the 7-norborny l cation. Calculated 
MO energies in hartree-s taken from ref. 43. 

stabilization enormously increases the electron demand of the cation. Ham­
mett's value - 5.64, is by far the largest e value among cycloalkyl deri­
vatives40, and the methyl/H ratio is among the highest known41 . This exceptio­
nal behavior makes the 7-norbornyl system particularly attractive for studies 
of long-range interactions. Recalling the n:-type symmetry of C-H orbitals in 
CH2 groups, electron withdrawal from these orbitals by the cationic center 
at C7 ·should create a homohyperconjugative situation and result in normal 
y-deuterium effects. Therefore the solvolysis of specifically deuterated 7-nor­
bornyl derivatives 11 and 12 was studied42. 

11 ·~ 12 

k(H/D
2

) 1.026 ± 0.007 1.039 ± 0.009 (65 °C, 80 T) 

The result of this investigation confirmed our prediction. The magnitude 
of the effects is small. Because of symmetry constraints, similar to those in 
the 1-adamantyl cation, interaction can occur only with the subjacent 4B~ 
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pseudo re orbitals of the C-H(D) bonds (Figure 16b) but not with ribbon orbitals 
of carbon-carbon bonds. The slightly larger effect in the syn derivative can 
be accounted for by invoking steric factors27 which would render the syn 
side more crowded in the ground ·state than in the transition state, because 
of interactions between the exo hydrogen atom and the relatively bulky leaving 
group. That the pseudo-re orbitals cannot stabilize the system in spite of the 
favorable symmetry (which is not the case with ribbon orbitals) can be ascribed 
to the fact that since each CH2 group provides 2 electrons the laticyclic system 
can be regarded as being antiaromatic. Here we are assuming that the ion is 
symmetric (C2v group) as supported by recent ab initio calculations44• This is 
by no means a proven statement because other theoretical methods (MIND0/2 
and MIND0/3) as well as some earlier solvolytic studies45 ascribe a bent stru­
cture to the cation. To what extent are the solvolytic results an artefact 
due to solvent interactions remains to be seen. Work in this direction is in 
progress. It is however the observation of normal y-deuterium isotope effects 
which makes this Tesult particularly interesting. From orbital symmetry 
consideration the only reasonable mechanism for electron withdrawal from 
the y-position seems to be the homohyperconjugative interaction with the 
respective C-D(H) bonds. A small contribution of a steric effect arising from 
the exo-orientation of deuterium atoms cannot be excluded and it remains to 
be seen how endo deuterium labeled 7-norbornyl derivatives will behave. 
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SAZETAK 

Interakcije u karbokationima i Hiickelovo 4n+2 pravilo 

D. E. Sunko 

Molekularno-orbitalni model hiperkonjugacije omogucuje tumacenje nekih inter­
akcija dalekog dosega u karbokationima koje se mogu otkriti mjer enjem sekundarnih 
deuterijskih izotopnih efekata. Hiickelovo 4n+2 pravilo moguce je prosiriti i na inter­
akcije tzv. pseudo-n-orbitala CHa, CH2 CH-skupina, pa analogno homokonjugaciji 
moze postojati i homohiperkonjugacija koja je vjerojatno jedan od uzroka y-deuterij­
skim izotopnim efektima. Opisani su rezultati istrazivanja tih efekata na adamantan­
skom i norbornanskom sistemu. Dok se stabilnost 1-adamantil-kationa moze pripisati 
povoljnoj 4n+2 konfiguraciji cr-elektrona ~,y-CC ili y-CH veza. u 7-norbornil-kationu 
cetiri CH2-skupine predstavljaju 4n pseudo-n-sistem sto bi moglo objasniti njegovu 
izvanrednu nestabilnost. 
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