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Abstract: A series of secondary 2-benzonorbornenyl precursors were studied in superacid solutions under stable-ion condi-
tions, and the resulting carbocations were investigated by proton and carbon-13 NMR spectroscopy. The observed long-lived
ions were found to be benzonortricyclyl cations (i.e., ethylenebenzenium-type ions) containing tetrahedral spiro-carbon
atoms. The intermediate 2-benzonorbornenyl cations themselves were not observed as stable species. The preferential forma-
tion of tricyclic benzenium-type ions, in spite of the incorporation of substantial steric strain into the molecules, indicates
m-p interaction between the benzenoid = system and the electron-deficient center.

Interested in the nature of intermediate carbocations? in
the solvolytic reactions of 2-norbornyl derivatives,? Bartlett
and Giddings* reported the solvolysis of exo- and endo-2-
benzonorbornenyl brosylates. The exo epimer was found to
undergo acetolysis at a rate 700 times faster than the endo
brosylate to yield, exclusively, the unrearranged acetate. On
the basis of the high exo:endo rate ratio and the retention of
configuration, the unsymmetrical, homoallylic structure 1
was proposed for the intermediate carbocation. Giddings
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and Dirlam further noticed that optically active exo-2-ben-
zonorbornenyl brosylate actually underwent solvolysis with
complete racemization, indicating symmetrically delocal-
ized ion structure 2,

2-Benzonorbornenyl derivatives have enjoyed special at-
tention not only because of their structural relationship to
the 2-norbornyl? and norbornenyl-nortricyclyl® systems,
but also because of their geometry suitable for phenyl ring
= participation.” Extensive studies on the solvolysis of 2-
benzonorborneny! derivatives have consequently been car-
ried out by Winstein,® Tanida,” Brown,!0 and Wiley.!!

Winstein, based on substituent effects, concluded that ac-
etolysis of 2-benzonorbornenyl brosylates was best inter-
preted by anchimerically assisted ionization of the exo iso-
mer, involving carbon-carbon ¢ bond participation and an-
chimerically unassisted ionization of the epimeric endo bro-
sylate.® On the other hand, Brown chose the 2-benzonorbor-
bornenyl system to test his hypothesis that ¢ delocalization
(carbon-carbon bond participation) was unimportant in the
solvolysis of the related 2-norbornyl derivatives.!0:!2 How-
ever, the studies of substituent effects clearly established
that homobenzylic participation in the transition state is in-
deed the dominant factor contributing to the high exo:endo
rate ratio in the solvolysis of secondary 2-exo-benzonorbor-
nenyl derivatives.” Instead of referring to 2-benzonorbor-
nenyl systems as a model for carbon participation in the 2-
norbornyl system, Brown now refers only to = participation
in the solvolysis of the formers.!%2 Although other ways for
aryl participation were found in the polar (electrophilic) ad-
dition to benzonorbornadienes, mainly in the work of Cris-
tol'* and Wilt,'* the nature and structure of the secondary
carbocationic intermediates involved in the solvolytic reac-
tions are still unsettled.

We have recently reported that the long standing contro-
versy as to the structure of the parent 2-norbornyl cation as
studied under stable ion conditions was, in our view, unequi-
vocally resolved in favor of the nonclassical carbonium

ion.2!3 We now report the study of a series of secondary 2-
benzonorbornenyl systems in superacidic media and their
spectroscopic studies, which offer significant information
concerning the nature and structure of the involved carbo-
cationic intermediates (also involved in the solvolytic reac-
tions of their derivatives).

Results and Discussion

Benzonortricyclyl Cation, Attempted preparation of the
parent, secondary 2-benzonorbornenyl cation was carried
out by careful addition of benzonorbornenyl precursors
(4-6) to either FSO3;H-SbFs or SbF5 in SO,CIF solution at

~-78°, The 'H NMR (60 MHz) spectra indicated the for-
mation of the same ion 3. The temperature-independent
(—120 to +10°) '"H NMR spectrum (Figure 1A) of ion 3
consists of an AB quartet centered at 6 3.52 (four protons,
Jun = 12.5 Hz); a broad one-proton singlet at é 3.70; a
two-proton singlet at 8 6.50; and three sets of aromatic mul-
tiplets centered at 6 8.02 (two protons), 8.50 (doublet, one
proton, J = 6.5 Hz), and 8.78 (triplet, one proton, J = 7.8
Hz). The solution of the ion is stable below +10° and slow-
ly decomposes at higher temperatures. Within the limits of
our studies, small concentration variations due to deferring
samples (generally between 5-10% w/w) had no effect on
the spectra.

The observed '"H NMR spectrum is thus similar to those
of the recently reported secondary 3-nortricycly! cation 76
and the tertiary 3-methyl-3-nortricyclyl cation 8,1 The 3-
nortricyclyl cation 7 gives proton absorptions at & 6.72
(broad, H| and Hg), 4.63 (broad, H,), 3.65 (broad, Hy) a

463 6.72

3 7 8

set of AB quartet centered at 6 3.44 (Hs, H7), and a doublet
of doublets at 6 11.30 (H;3). The 'H NMR shifts for 8 and
their assignment are shown on the structure. In the two 3-
nortricyclyl cations 7 and 8, the methylene groups (Hs and
H7’s) should contain two different type of protons, as are
the corresponding ones in 3 (H; and Ho’s). Thus, they all
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Figure 1, (A) The 60-MHz '"H NMR spectrum of the parent benzonor-
tricyclyl cation 3, (B) Proton coupled carbon-13 NMR spectrum of 3,
(C) Proton decoupled carbon-13 NMR spectrum of 3,

show AB type quartet coupling patterns with comparable
coupling constants (/i y = 12 Hz). The two cyclopropane-
ring protons (H| and Hg) at 3 positions to the carbenium
center in 7 and 8 are deshielded because of charge delocali-
zation into the cyclopropyl ring, as are the corresponding
protons (H, and H;) in ion 3, also deshielded by about the
same extent. The bridgehead protons (Hy’s) in all three ions
show resonances at comparable positions.

The carbon-13 NMR spectrum (noise decoupled) for ion
3 in FSO3H-SbF5-SO,CIF solution at ~80° was obtained
by the Fourier transform technique (Figure 1C). Carbon
shifts and assignments are summarized in Table II. Assign-
ments and coupling constants (Jcp, in Hz) are made with
the aid of proton-coupled '3C NMR spectrum (Figure 1B).
There is no absorption corresponding to a typical deshielded
carbenium carbon. The presence of only 9, instead of 11
carbon resonances indicates that the ion must be symmetri-
cal.

Although based on solvolysis data of 2-benzonorbornenyl
derivatives, several possible structures such as 1, 2, and 9
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have been suggested for the 2-benzonorborneny! cation; re-
sults of both proton and carbon-13 NMR data of the long-
lived ion are incompatible with any of these. The NMR
data indicate that the observed ion indeed is the benzonor-
tricyclyl cation 3,

The NMR data also rule out the static classical structure
9 since, for this, more complicated !H and 13C NMR spec-
tra should be expected. Rapidly equilibration pairs of classi-
cal 2-benzonorbornenyl cations (i.e., 9a = 9b) further are
ruled out, because this would not allow much positive
charge to be built up into aromatic ring and thus is contrary
to the observed data showing that both homo-ortho (Cg and
Cio) and homo-para (Ce) ring positions experience substan-
tial deshielding effects caused by a significant degree of
charge delocalization into the aromatic ring. The dramati-
cally different carbon resonances (Adizc 109.7 ppm) ob-
served for the two fused ring carbons Cjo (813¢ 193.8) and
Ci| (813c 84.1) indicate that the former is highly deshielded
and the latter is shielded. One also finds that the carbon-
hydrogen coupling constants for C; and C are unusually
large (Jcu = 190.0 Hz), indicating that these two carbon
atoms display a substantial degree of bond-angle strain.
The magnitude of the coupling constants is very close to
those observed for the corresponding carbons in the 3-nor-
tricyclyl cations!® (Jey = 185. Hz for 7, and J¢p = 198.0
Hz for 8). ‘

In addition, both proton and carbon-13 NMR data of the
fused benzene ring in 3 show a charge-distribution pattern
characteristic of either benzenium 10'7 or ethylenebenzen-
ium 11'® jons. Both 10 and 11 have been shown to exist as

942 (1308) 8.5-8:“35/159'8
822 (138.8) 820 <1378
958 0 (1808)  88-92 <— 170.8
S \(55.8) 608
se0H H 480 H," H, 508
10 1

4 Values in parentheses are estimated from ethylenebenzenium ion
11 and reported substituted arenium ions. & '*C NMR shifts were as-
signed based on analogy with model compounds. The Cs and Cs shifts
could not on this basis be differentiated and must be considered inter-
changable.

typical carbenium ions, i.e., benzenium and spiro[2.5]octa-
dienyl (or ethylenebenzenium) type ions, respectively,
under stable-ion conditions.!’-'® The related nonclassical
ethylenephenonium ion 1227 is yet unknown and would rep-
resent bonding interaction of the phenyl cation sp? orbital

+

H,C—CH;,
12

with the ethylene 7 bond. Carbon-shift differences between
the spiro carbon (C;) and ortho carbon (Cs) in 11 and that
between Cy (spiro carbon) and Co (ortho carbon) in 3 are
of the same magnitude (Aéisc 110 and 109.1, respectively),
The aliphatic nature of the spiro carbon in 3 is therefore
clearly established. Because of the substituent effect at Cio
in 3 and the incorporation of strained cyclopropyl ring, posi-
tive-charge distribution in this ion is expécted to be slightly
different from that in 11. This is shown by the slight
shielding of the homo-para carbon (Cg) in 3 (about 7 ppm)
over that in 11, Para carbon shifts in arylcarbenium ions
have been utilized to estimate the charge-distribution pat-
tern into the ring since the para position is remote from
electron-deficient center so that no significant steric effect
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should contribute to its carbon (or proton) resonance shift.
A difference in para shifts, in a series of related arylcarben-
ium ions, therefore indicates the trend in charge distribu-
tion in aryl rings.!® The more strained cyclopropyl ring in 3
apparently delocalizes more positive charge into the three-
membered ring than that in 11, as we have previously
shown that charge delocalization between cyclopropyl C-C
bonds and neighboring electron-deficient centers (i.e., car-
benium centers) depends not only on the orientation of the
cyclopropyl ring but also on the degree of strain in the
ring 162071

Considering all facts, the structure of the ion obtained
from secondary 2-benzonorbornenyl precursors under sta-
ble-ion conditions can be assigned only as the benzonortri-
cyclyl cation 3, with a significant contribution from the ca-
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nonical form 3a, Ion 3 does not show, based on comparison
of 13C NMR parameters between 3 and 14, resemblance to
the 2-norbornyl cation 14,!> which would indicate non-
classical structure 13, The benzonortricyclyl cation, on the

13

other hand, shows similarity to the ethylenebenzenium ion
11 and 3-nortricyclyl cations 7 and 8 containing a tetrahe-
dral spiro-carbon atom (C;) and a nortricyclyl-type frame-
work.

C¢-Substituted Benzonortricyclyl Cations. The effect of
substituents in the aromatic ring on the solvolysis of 2-ben-
zonorbornenyl derivatives was first noticed by Wiley!! and
followed by related work by Winstein,® Tanida,” and
Brown.!® The formation of the benzonortricyclyl cation
from 2-benzonorbornenyl precursors under stable-ion con-
ditions indicates the higher stability of the former system
(despite increased ring strain), and that considerable posi-
tive charge delocalizes into the benzene ring. The presence
of substituents on the aromatic ring should therefore affect
charge distribution and consequently should be reflected in
the chemical shifts. For comparison and in order to further
study substituted analogs of 3, we have prepared three ring-
substituted ions (3-R).

6-Methyl-, 6-methoxy-, and 6-chloro-2-benzonortricyclyl
cations were prepared from their respective 2-benzonorbor-

nenyl chloride precursors 15-R?? in either SbFs~SO,CIF or
FSO;H-SbF5-SO,CIF solution at —~78°. Proton and car-

G

15-R 16-R
R =CH, OCH,, and Cl
bon-13 parameters for 13-R are summarized in Tables I
and II, respectively, along with their assignments.

Proton NMR spectra of 3-R closely resemble those of the
parent ion 3, The two cyclopropane-type protons (H, and
H,) in 3-CH3 and 3-Cl show similar resonances, and those
of 3-OCH3 are shielded by about 1 ppm (Figure 2). The
two sets of methylene protons (H3 and Ho) in all three ions

t
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Figure 2, The 60-MHz '"H NMR spectra of 3-CHj3 (bottom trace), 3-
OCH; (middle trace), and 3-Cl (top trace).

Table I, Proton NMR Parameters of the Benzonortricyclyl Cations@
Ion H, H, H, H, H, H, H, H, H, CH, Jsy6 Je,n J’.’S

3 6.50, s 3.520 3.70, s 8.03,d 8.50, dd 7.94,dd 8.86,d 3.520 7.4 7.0 8.0
3-CH, 6.02, s 3.40¢ 3.68,s 7.95,s 7.86,d 8.60,d 3.40¢ 3.02,s 8.2
3-Cl 6,32, s 3,45¢ 3.68,s 8.02, s 7.94,d 8.68,d 3.45¢ 8.0
3-OCH, 5.15,s 3.22¢ 3.55,s 7.60, s 7.60, s 8.34,s 3.22¢ 3.62,s

17-Cl 6.38,s 3.80b 3.98,s 8.20,d 8.82,dd 8.18,dd 8.92,d 5.70, s 7.6 8.0 8.8
17-Br 6.08, s 3.68¢ 5.02,s 8.40, s 5.02,s

2 'H NMR shifts (8) are given in parts per million from external Me,Si (capillary). Multiplicities: d = doublet; dd = doublet of doublet; s =

singlet. » AB quarter, J = 12.5 Hz. ¢ AB quartet, / = 12.0 Hz.
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display an AB quartet pattern with similar coupling con-
stants (Juu =~ 12 Hz). Again 'H NMR resonances for ion
3-OCH; appear at higher field than those in the methyl-
and chloro-substituted ions. The assignments for the ben-
zene ring protons are straightforward, The sharp singlets at
6 7.95 and 8.02 are assigned to Hs protons in 3-CHj3 and 3-
Cl, respectively. The H7 and Hg protons in these two ions
are doublets, with the higher field doublets assigned to the
H- protons. The benzene-ring protons in 3-OCHj are dif-
ferent from those in 3-CHj3 or 3-Cl and do not show cou-
pling patterns similar to those found in the latter.

Carbon-13 NMR spectra of 3-R are all very similar to
that of the parent ion 3, showing nine carbon resonances
characteristic of the benzonortricyclyl structure, in addition
to those of the methyl or methoxy carbons. Cs carbons in
ring-substituted ions 3-R become singlets in their off-reso-
nance spectra and could be assigned accordingly. Table II
reveals that carbon shifts of methyl- and chloro-substituted
ions 3-CH3 and 3-Cl are of similar magnitude but are quite
different (especially for the cyclopropyl-ring, homo-ortho
and homo-para carbon resonances) from those in 3-OCH3.
Carbon shifts in 3-OCH3; are therefore found shielded from
the corresponding shifts in 3-CH3, which in turn show reso-
nances shielded from those in 3-CL.

Based on both 'H and '*C NMR data, resonance forms
of the type 3a-R~3c-R, as discussed in the case of the par-

" @’i’ -

3-R 3a-R

3b-R 3c-R

ent ion 3, are clearly important contributors to the benzo-
nortricyclyl ions. Particular attention is directed to the car-
bon resonances of C; (and C;), homo-para carbons Cs and
homo-ortho carbons Cg (and C;¢). The deshielding effects
observed for the presently studied series of 2-benzonortricy-
clyl cations at the cyclopropane ring, as well as of the
homo-ortho and homo-para carbons, apparently show that
positive charge has been shared between the cyclopropyl
and benzenium rings. The results of substituent effects in
the solvolysis of exo- and endo-2-benzonorbornenyl deriva-
tives showed that the exo epimers solvolyzed in an anchim-
erically assisted manner because of carbon-carbon ¢- and
w-aryl participation, whereas the endo epimers solvolyzed
without assistance.®-!! Substitution at Cg in the presently
studied 2-benzonorbornenyl systems under stable-ion condi-
tions also shows the predominant importance of the ben-
zene-ring participation in the benzonortricyclyl ions. A
variation of the electron-releasing ability of substituents ap-
parently makes the cyclopropyl ring to share positive charge
to a varying degree. We have previously reported 13C NMR
spectra of a series of cyclopropylcarbenium ions in both
open-chain and strained systems.'¢23 When charge delocal-
ization into the cyclopropyl ring becomes more significant,
Ci2) becomes further deshielded. Differences in chemical
shifts (proton and carbon) therefore reflect the trend of the
relative degree of charge delocalization into either the cy-
clopropyl or benzenium ring. Cyclopropyl carbons in 3-
OCHj3; are the least deshielded, followed by those in 3-CHj3,
3-Cl, and finally those in 3 which are the most deshielded.

Table II.  Carbon-13 NMR Parameters of the Benzonortricyclyl Cations4

Ab

CH,

CII

CIO

C,c
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C,C,
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Figure 3, The 60-MHz 'H NMR spectra of 17-Cl (bottom trace) and
17-Br.

Charge delocalization into the cyclopropyl ring is therefore
indicated in the decreasing order

3 > 3-C1 > 3‘CH3 > 3‘OCH3

The methoxy group in 3-OCHj; apparently draws sub-
stantial positive charge away from the cyclopropyl ring.
The C; carbon-shift difference between 3 and 3-OCHj3 is
significant, 25.6 ppm. Resonance form 3b-OCHj3 is there-

- +
CH, CH,O

3b-0CH,

*Cl

3b-Cl
fore an important contributor to he structure of the 6-me-
thoxy-2-benzonortricyclyl cation. Methyl substitution ap-
parently causes a similar effect as the methoxy group. Chlo-
rine substitution, however, shows only a minor effect on the
chemical shifts. Halogen *‘back-donation” is well known in
acyclic and cyclic halocarbenium ions.24 Chlorine “back-
donation” is never, however, as important as that of fluo-
rine. Resonance form 3b-Cl should therefore only be a
minor contributor to 3-Cl. The increase in bond order be-
tween Cq and R is thus more significant for the methoxy
group than for the chlorine atom.

We have previously compared the 13C NMR spectra of
the parent benzonortricyclyl and ethylenebenzenium ions, 3
and 11, respectively, The aliphatic spiro carbon (Cy;) in 3 is
clearly shown by its 13C NMR resonance and coupling con-
stant (Jcu). A comparison of '3C NMR shifts between
ring-substituted ethylenebenzenium ions 11-R (R = CH;,
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CH, OCH;,
1848 1698
1378 122.8
X 638 X 188
53.8 408
11-CH; 3-CH, 11-OCH;, 3-0OCH,

and OCH;)!'® with their corresponding benzonortricyclyl
cations 3-R also indicate the presence of aliphatic spiro-car-
bon atoms in the latter.

The benzonortricyclyl structures of 3-R are further sup-
ported by the observation of unusually large coupling con-
stants (Jcn in Hz, see Table II) for the cyclopropyl-type
carbons (C| and C,). The coupling constants are in the
order of 190 Hz. The substituted benzonortricyclyl cations
3-R are thus essentially very similar in nature to the ethy-
lenebenzenium ions 11-R and 3-nortricyclyl cations having
a tetrahedral spiro-carbon atom and a nortricyclyl skeleton.

Co-Substituted Benzonortricyclyl Cations, In addition to
the preparation of the parent and ring-substituted benzo-
nortricyclyl cations, we have also prepared two Cg halogen-
substituted ions 17-X (X = Cl and Br). These ions were
prepared via ionization of exo-2-anti-7-dihalobenzonorbor-
nenes 18-X in SbFs-SO,CIF (or FSO3H-SbFs) solution at
—78°.

18-X

17-X
X =Cl and Br

'H NMR spectra of 9-chloro- and 9-bromobenzonortri-
cyclyl cations are shown in Figure 3. 'H and !3C NMR pa-
rameters for these ions are summarized in Tables I and II,
respectively. The 'H NMR spectrum of 17-Cl (Figure 3)
showed a pattern similar to that of the parent benzonortri-
cyclyl cation 3, The methylene protons (Hj’s) showed a typ-
ical AB quartet with J = 12.5 Hz as those in other benzo-
nortricyclyl cations shown in Table I. Hg in 17-Cl becomes
a singlet and is deshielded. The cyclopropane-type protons
(H, and H;) in 17-Cl resonate at § 6.38 as a broad singlet,
in the approximate region of those in other benzonortricy-
clyl cations. The benzenium protons also display a typical
pattern indicating charge delocalization.

The 13C NMR spectrum of 17-Cl showed ten carbon res-
onances, characteristic of a benzonortricyclyl structure. C3
and Co became nonequivalent because of chlorine substitu-
ent at Co. The two cyclopropyl-type carbons C; and C,, are
however identical. Both 'H and !3C NMR data, therefore,
confirmed the benzonortricyclyl structure of 17-CL.

The 'H NMR spectrum of the bromo analog 17-Br is
somewhat different from that of 17-Cl, especially the aro-
matic protons, which are only displayed as a broad absorp-
tion, centered at é 8.40 (four protons). In addition, there are
two broad singlets at & 6.08 (two protons) and 5,02 (two
protons) and a AB quartet centered at § 3.68 (J = 12 Hz).

Based on the 1H NMR spectrum of the bromobenzonor-
tricyclyl caton, a symmetrical structure such as 19 could be
assumed for 17-Br, as the apparent symmetrical 'H NMR
spectrum seems to correspond to such a structure 19. When

@"0 .
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the '3C NMR spectrum (Table II) of the same ion was,
however, obtained, a characteristic benzonortricyclyl pat-
tern was observed. There are ten carbon resonances indica-
tive of an unsymmetrical structure, such as 17-Cl. H; and
H,4 in 17-Br are accidentally magnetically equivalent. It is
not clear why Hy (the bridgehead proton) became so much
deshielded, and the aromatic protons are all magnetically
equivalent. However, clearly 17-Br can also be assigned the
benzonortricyclyl cation structure.

Ionization of exo-2-anti-7-dihalobenzonorbornenes 18-X
might involve direct cleavage of C,~X bond to form ion 20
which would give 17-X via simultaneous ring closure form-

H X X
l _—
AL
18-X

ing the benzonortricyclyl system. Ionization, however,
should not be limited to only the C,-X bond. The Co-X
bond could also undergo ionization. If so, the 2-halo-9-ben-
zonorbornenyl ion 21-X should be formed. The large differ-

ﬂ‘
AL
H
21-X
ence in carbon shift (109.7 ppm) between C;o and C|,

however, rules out 21 since carbon shifts for these two car-
bons are not expected to be very different.

Conclusions

The benzonorbornenyl system offers several advantages
for the study of neighboring aryl = participation, which thus
far has been studied in related phenylethyl systems,?* and
also in cyclic?6?7 and polycyclic systems.” The observation
that 8-phenylethyl derivatives form, via phenyl = participa-
tion, spiro[2.5]octadienyl (ethylenebenzenium) ions under
stable conditions,'® provided direct structural evidence for
Cram’s bridged *“phenonium” ion intermediates involved in
the facile solvolysis of 8-phenylethyl derivatives.?® It should
be clear, however, that these ions 11-R have no nonclassical
nature, and the related nonclassical ions, i.e., 13, are still
unknown. The present study of 2-benzonorbornenyl deriva-
tives in superacidic media has also not resulted in the obser-
vation of a nonclassical bridged ion 13, only the more stable
subsequently formed benzonortricyclyl cations 3, 3-R, and
17-X were obtained. All these ions contain aliphatic, spiro-
carbon atoms (C;,).%°

Ion 13 could be considered not only an analog of the 2-
norbornyl cation 14, but at the same time of a nonclassical
phenonium ion, of the type 12. This may explain why 14 is

o

R
14 13 12

not observable as a long-lived species and immediately gives
3. A further aspect worthwhile mentioning is that the nitro-
gen “‘turn around”’ observed in scrambling of nitrogen label
in aryldiazonium ions was rejected by Lewis3? to involve a

s = @
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nitrogen-bridged intermediate, because such an intermedi-
ate was expected to be an analog of Cram’s phenonium
ions,2® but para substituents in the two systems gave no

N_—;‘N Hzc—\‘CHg a

22 11-R 3-R

comparable effects. However, if the species involved in the
nitrogen turn-around is a side-on = bonded, thus nonclassi-
cal ion (instead of the end-on bonded spiro-diazenium ion
derivative) 23—then the substituent effects would be differ-

R

‘N=N:
23

ent, because the model systems for the latter would not be
of type 11, but 12.3! Conjugative effects would dominate in
the former, but inductive ones in the latter.

Considerable theoretical interest is involved in-the differ-
entiation between the bisected form of ethylenebenzenium
ion 11 containing a tetrahedral sp® type tetravalent carbon
and the nonclassical form 12 containing a sp® type planar
tetracoordinated carbon.32 The latter can be considered as
having a two-electron, three-centered bond formed between
the empty sp? orbital of the phenyl ring (a phenyl cation)
and the 7 orbital of ethylene. Shanshal has shown that the
rotation of the phenyl ring (or the ethylene residue) around
the molecular axis is accompanied by considerable change
of geometry in the three-membered ring.3*f The energy dif-
ference between 11 and 12 is also shown by calculation to
be large (ca. 22 kcal/mol).3233 Whether the favorable con-
formation of the nonclassical ethylenephenonium ion should
be planar or bisected (12b and 12a, respectively) is yet un-

Ao

H
C
=i~ O=<K] _
H A

12
2 12b

known. The present NMR spectroscopic data clearly indi-
cate that the benzonortricyclyl cations are classical ions
(ethylenebenzenium-type ions 11) containing sp* tetrava-
lent carbon atoms. If the formation of benzonortricyclyl
cations from 2-benzonorbornenyl derivatives is assumed to
proceed through initial o-bond delocalization via nonclassi-
cal ion 13 (although we do not at present have direct evi-
dence to prove such an assumption), then this ion must
adopt a conformation resembling 12a since free rotation is
impossible in this case because of geometrical rigidity.
Whether this implies that the ethylenephenonium ion 12
should also adopt such a conformation as its stable form
12a, however, cannot be presently answered. The present
data certainly show that = participation leading to the for-
mation of highly strained benzonortricyclyl framework is
favorable under stable-ion conditions, via either consecutive
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or concerted 7 alkylation. The results are also in accordance
with the solvolytic study showing that delocalization of pos-
itive charge to the aryl ring in the transition state is signifi-
cant. 4!l

Experimental Section

Materials, 2-Benzonorbornadiene 6 was prepared according to
the procedure reported by Wittig and Knauss,3* bp 80-82° (10
mm).

exo-2-Halobenzonorbornenes 4-X were prepared from the addi-
tion of hydrogen halide to 6 in ether solution at room temperature
according to Cristol.!3

exo- and endo-2-benzonorbornenols 4-OH and 5-OH were pre-
pared from 6 and 2-benzonorbornanone* according to Bartlett.

Samples of 6-methyl-, 6-chloro-, and 6-methoxybenzonorborna-
dienes 16-R were kindly provided by Dr. H. Tanida.22 The corre-
sponding chlorides 15-R were prepared by shaking the mixture of
16-R and concentrated HCI at room temperature in a sealed am-
poule for 48 hr.

exo-2-anti-7-Dihalobenzonorbornenes 18-X were prepared by
halogenation of benzonornadiene according to Cristol.!3

Preparation of Carbocations, In general, benzonortricyclyl cat-
lons were prepared by addition of appropriate benzonorbornenyl
precursors in SO>CIF to a freshly prepared FSO3;H-SbFs (or
SbFs) solution in SO,CIF at Dry Ice-acetone temperature (ca.
—78°) with vigorous stirring. The resulting light-brown colored so-
lutions were immediately transferred to precooled NMR tube for
NMR measurement. The variation of the concentration of the ion
does not change or affect spectroscopic data, neither does the
change in temperature.

Proton and Carbon-13 NMR Spectroscopy, Both proton and
carbon-13 NMR spectra were obtained as previously reported.3s
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Solvolysis of Sterically Compressed

anti-7-Norbornenyl 3,5-Dinitrobenzoates. Evidence for the
Absence of Enhanced Ionic Stabilization in Unsymmetrical

(2 + 2 + 0) Laticyclic Cations

Leo A. Paquette* and Ian R. Dunkin

Contribution from the Evans Chemical Laboratories, The Ohio State University,
Columbus, Ohio 43210. Received May 25, 1974

Abstract; The five dinitrobenzoates of generalized structure 24, prepared according to Scheme I, show solvolysis rates in 80%
aqueous acetone which differ by less than a factor of 5 at 114°. The dimethanonaphthadienyl system 10, previously studied
by Allred and Hinshaw, ionizes at a comparable rate. The lack of accelerating influences by the laticyclically positioned dou-
ble bond, benzene ring, or oxygen atom shows that extended ionic stabilization above that associated with the anti-7-norbor-
nenyl moiety is not operative. The products in all cases are the derived alcohols, and these are isolated in >95% yield. Alkyl-
oxygen cleavage was established by suitable methanol reactions in one example. The inability of the remote bridges in 10 and
24 to interact during ionization contrasts with the high level of neighboring-group involvement previously observed for the
structurally similar brosylates 35-37, These major differences may derive from the prevailing wide variations in electron-
deficiency demand. In the case of 36 and 37, there is considerable need for laticyclic charge delocalization of the 7-norbornyl
cation, and customary neighboring-group influences are manifested. For 10 and 24, homoaromatic stabilization is apprecia-
ble and electron demand is very low such that neighboring-group involvement ceases, and the rate ratios-are effectively lev-

eled.

The very low level of solvolytic reactivity associated with
7-norbornyl derivatives,! perhaps best reflected in the enor-
mous electron demand (p = —5.64) of the developing cation
center,?2 has for at least a decade been thought to arise
chiefly because of energetically unfavorable changes in
angle strain upon ionization.? The recent theoretical study
by Hoffmann and Heilbronner of the 7-norbornyl cation (1)
has, however, unveiled the alternative possibility that the bi-
cyclo[2.2.1]heptane skeleton with its structurally rigid-boat
six-membered ring probably has a symmetry-enforced de-
stabilizing interaction between the C; 2p orbital and the
high-lying cyclohexane o orbitals.* Introduction of a double
bond to arrive at the anti-7-norbornenyl system has a pro-
nounced effect on the relative ease of ionization, the rate
enhancement gained being on the order of 10'!.225 Signifi-
cantly, interaction of the C,C; = orbital with the vacant or-
bital at C; now permits two-electron delocalization over
three centers (cf. 2) and partially offsets some of the posi-
tive charge density at this reaction site.® This bishomocyclo-
propenyl cation interaction leads to approximately 15 kcal/
mol of stabilization energy at 25°.7 An endo-cyclopropane
ring in the 2,3 position (3) stabilizes positive charge at C; to
a larger extent than a double bond at the same position,?
presumably because the vacant C; orbital is capable of
greater conjugative (trishomoaromatic) interaction with the
symmetric e; Walsh orbital of the cyclopropane moiety than
with the m, orbital of the double bond at the same site.’
When the double bond becomes part of an aromatic system,
the AE, due to bishomoaromatic delocalization is dimin-
ished in comparison to 2,10:11

+
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The introduction of a second double bond into the nor-
bornane framework causes a further rate enhancement for
ionization at C7 of 103 relative to the already anchimerical-
ly accelerated anti-7-norbornenyl derivative.!? The addi-
tional ~4.1 kcal/mol stabilization had been initially at-
tributed to the favorable involvement of the double bonds as
in 4.7 However, because the 7-norbornadienyl cation is now
recognized to adopt a distorted geometry more closely re-
sembling 5 than 4,13 it would seem that enhanced homoaro-
matic interaction is of major consequence in the stabiliza-
tion of this “bicycloaromatic”!* system. Or, as viewed by
Goldstein and Hoffmann,! one pericyclic interaction (of
the bishomoaromatic type) is favored at the expense of the
other [longicyclic (2 + 2 + 0) interaction]. In any event,
since the barrier to bridge flipping in § is greater than 19.6
kcal/mol at 45°,13 stabilization of the symmetrical (Cy,)
7-norbornadienyl cation (4) must be quite small and may
even be zero.!® Nevertheless, the exceptional stability of 517
is undoubtedly a function of the spatial orientation and
proximity of the = orbitals such that some measurable de-
gree of effective overlap does operate. A perhaps compara-
ble interaction between two vinyl bridges and a C; p orbital
within a bicyclo[2.2.1]heptyl framework has also been dis-
covered for triene 6,!81° the importance of dipolar ground-
state contributions being revealed by its substantial dipole
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