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Abstract:
by proton and carbon-13 nmr spectroscopy.
undergoing fast 1,2 Wagner—-Meerwein shift.
that in the 1,2-dimethyl-2-norbornyl cation, 2-CH;.

differing ¢ and = delocalization are discussed.

he 1,2-dianisyl-2-norbornyl cation 1-OCH; was
shown by Schleyer? to possess a rapidly equilibrat-
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CH,0 OCH,
1-OCH,

ing classical ion structure. In his studies the absence
of bridging was rationalized as resulting from the un-
favorable nonbonded interactions which would exist
in the bridged ion when one or both of the aryl groups
were oriented as to allow overlap between aryl = or-
bital and the electron-deficient center. Nickon’s study
of the I,2-dimethoxy-2-norbornyl cation 2-OCH; also

385°
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+

CHO  ‘ocH, CH,0 OCH,
2-0CH;
showed that the ion did not possess a bridged structure.?

More recently we have reported that the 1,2-dimethyl-
2-norbornyl cation 2-CH; is a rapidly equilibrating ion

HC  “cH, HC CH,
2:CH,

having a low energy barrier for the 1,2 Wagner-Meer-
wein shift.+ Due to less severe nonbonded interactions
prevailing in 2-CHs, it was observed as a partially o-
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The 1,2-diphenylnorbornyl cation 1-H was prepared in FSO;H-SO,CIF solution at —78° and examined
Ion 1-H is characterized as a rapidly equilibrating carbenium ion
The degree of & delocalization in 1-H is found to be very similar to
o delocalization in the 2-methyl-2-norbornyl cation is found
to be more significant than in the 2-phenyl-2-norborny! cation in which 7 delocalization dominates.

Reasons for

delocalized carbenium ion. The 1,2-dianisyl-2-nor-
bornyl cation was considered to be an ion in which the
o delocalization was of much smaller (if of any) im-
portance than in 2-CH,.

We report now our direct observation of the parent
1,2-diphenyl-2-norbornyl cation 1-H under stable ion
conditions and its 'H and !*C nmr spectroscopic in-
vestigation showing that it is a rapidly equilibrating
carbenium ion similar in nature to 2-CHj, having a low
energy barrier for the 1,2 Wagner-Meerwein shift and
a similar degree of ¢ delocalization. Several unsym-
metrically substituted 2-norbornyl cations were also
examined as to gain more information on the degree of
o delocalization and the trend of charge delocaliza-
tion.5—7

Results and Discussion

The 1,2-diphenyl-2-norbornyl cation 1-H was pre-
pared from 1,2-diphenyl-endo-2-norborneol?® in
FSO;H-SO,CIF (80,) solution at —78°, The ion was
not stable when allowed to warm to above —50° and
gave unidentified decomposition (rearrangement) prod-
ucts.®> Quenching of the solution of 1-H with a slurry
of KOH-SO,CIF at —78° gave 509 of 1,2-diphenyl-
2-norbornene,?® besides some unidentified decomposi-
tion products.

The temperature-independent (—135 to —60°) pmr
spectra (60 MHz, Figure 1) of 1-H in FSO;H-S0, solu-
tion indicate the equivalence of the two phenyl groups.®
The four equivalent methylene protons, H; and Hy, are
more deshielded (§ 3.10) than the corresponding pro-
tons (6 2.42) in 2-CH;. The bridgehead proton (Hy)
in 1-H is also slightly more deshielded than that in 2-
CH;. The Cs protons, however, show comparable
absorption for both ions. The phenyl ring protons in
1-H are unresolved indicating only a small extent of

(5) (a) G. A. Olah and A. M. White, ibid., 91, 5801 (1969); (b) G.
Frankel and D. G. Farnum, ‘“Carbonium JIons,” Vol. 1, G. A. Olah
and P. v. R, Schleyer, Ed., Wiley-Interscience, New York, N. Y., 1968.

(6) G. A, Olah, J. Amer, Chem. Soc., 94, 808 (1972); Chem. Brit., 8,
281 (1972); Chem. Technol., 556 (1971); Science, 168, 1298 (1970).

(7) () G. A, Olah, J, R, DeMember, C. Y. Lui, and A. M. White,
J. Amer. Chem. Soc., 91, 3958 (1969); (b) G. A. Olah, A. M. White,
J. R. DeMember, A. Commeyras, and C. Y. Lui, ibid., 92, 4627 (1970);
(c) G. A, Olah, C. L. Jeuell, D. P, Kelly, and R. D. Porter, ibid., 94, 146
(1972).

(8) (a) In our hands, trifluoroacetic acid? was not a suitable solvent
to obtain the stable 1,2-diphenyl-2-norbornyl cation. (b) Slightly

different chemical shifts for ion 1-H in SO; than in SO:CIF solutions
are noticed (see Table I). Better resolution is obtained in SO solution.
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Figure 1. Pmr spectrum (60 MHz) of the 1,2-diphenyl-2-norbornyl cation in FSO;H-SO, solution at —70°.
TableI. Pmr Parameters of 1,2-Diphenyl-2-norbornyl Cation and Model Cations®
Cation H, H, H; H, H; H, H; ob m p CH,
1-OH 3.35 3.35 2.10 3.02 3.35 7.6-8.2
3.10¢ 3.10 1.82 2.75 3.10 7.3-7.9
2-CH; 2.42 2.86 1.52 2.86 2.42 2.43
3-CH, 4.64(d, 6.5) 2.70 2.70 1.47 3.28,1.09 1.71 3.00
3-CHs 4.83 (d, 6.5) 3.49 3.20 1.41 2.00 2.04 8.66 7.90 8.44
4 4.09 4.09 8.71 7.87 8.46
5 3.81 3.81 8.70 7.89 8.50
6 4,304 2.42 2.20 2.20 2.42 4.30 9.00 8.16 8.78

o Chemical shifts are in 6 (ppm) relative to external TMS. Cationic solutions are obtained in FSO;H-SO,CIF unless otherwise indicated

b Aromatic carbons are indicated by o = ortho carbons, m = meta carbons, and p = paracarbons.

SO.CIF,

B
‘. FSO,H-50,
O ——

charge delocalization into the aromatic ring which is
believed to be the result of unfavorable nonbonded in-
teraction between the two phenyl rings that forces them
out of plane for m—p overlap. To prove this latter
point, several model phenylcycloalkylcarbenium ions
3-C Hn, 4,% 5.9 and 6°°) were studled and thelr pmr

3-CH,

(9) (a) D. G. Farnum and G. Mehta, J. 4mer. Chem. Soc., 91, 3256
(1969). (b) This work, see Experimental Section,

¢ In FSO3H-SO,. ¢In FSO;H-SbF;-

parameters are summarized in Table I.  All these ions
show similar characteristic phenyl ring patterns in their
pmr spectra indicating substantial charge delocalization
into the neighboring phenyl group. We therefore con-
clude that ion 1-H is a classical carbenium ion under-
going rapid degenerate 1,2 Wagner—Meerwein shift
with little charge delocalization into the phenyl rings.
The complete Fourier transform cmr spectrum of ion
1-H was also obtained and compared with those of the
2-phenyl-2-norbornyl cation! as well of the 1,2-di-
methyl-1% and -2-methyl-2-norbornyl cations.®* Car-
bon shifts and corresponding coupling constants (Jcu)
for these ions are summarized in Table II with their
assignments. The average cmr shifts for the C; and
C; carbons in ion 1-H (8::¢ +22.5) is very close to that
in the model ion 2-CH; (8¢ +26.0) indicating that the
former also is a rapidly equilibrating ion. The average
of the cmr shifts of the C, and C. carbons in the di-
methyl-tert-butylcarbenium ion 7 (8::c — 11)%* could be
considered a model for a rapidly equilibrating structure
of ion 1, without charge delocalization. The observed
average cmr shift of 22.5 for 1-H apparently indicates
that the ion is a tertiary rapidly equilibrating structure
with limited charge delocalization. C, in the 2-phenyl-
2-norbornyl cation 3-CsH; has been shown to have a

(10) (a) Only partial cmr spectra were previously given for these
ions.*78.b  (b) Minor corrections of cmr assignments are made: C;in
2-CH; have carbon shifts §13¢ +146.0 (Jcg = 134.5 Hz) instead of the
previously reported value, 813%c +179.
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carbon shift of ¢ —63.5 and C; has a carbon shift of
Suc 134.0.  Correcting the C; shift for the phenyl sub-
stituent effect (approximate deshielding of 15-20 ppm
is expected!?) gives an estimated carbon shift of duc
+109 for C; in 1-H. The average of these two shifts
(C; +109 and C, —63.5) is +22.8 which gives the esti-
mated average cmr shift for C; and C, in the rapidly
equilibrating ion 1-H. This estimated value is almost
identical with the experimentally observed one. In
addition, carbon shifts of C;, Cs, C;, and C¢ in ion 1-H
are very close to the corresponding shifts in the rapidly
equilibrating ion 2-CH; (Table II). We therefore con-
clude that both ions 1-H and 2-CHj; are rapidly equil-
ibrating carbenium ions with a similar degree of charge
delocalization.

The most noticeable aspect of the cmr spectrum of
1-H (Figure 2) is that only a small degree of the positive
charge has been delocalized into the two equivalent
phenyl rings. This is seen from both ortho and para
carbon resonances in 1-H which are more shielded than
those in the model cations 3-6. The ortho carbon shifts
in typical phenylcarbenium ions are all about 8:c +50
to +55, and the para carbon shifts are about §1c +40.
In 1-H the ortho and para carbon shifts are found at
duc 58.9 and 52.5, respectively. Apparently, charge
delocalization into the phenyl rings in 1-H is restricted
by the unfavorable nonbonded interaction existing be-
tween the phenyl rings, due to which none of them can
reach the desired planar geometry for effective charge
delocalization. In 3-C¢H; such interaction is not ex-
pected to be substantial and effective charge delocaliza-
tion into the phenyl ring is observed. The energy
barrier for the 1,2 Wagner—-Meerwein shift in ion 1-H
is therefore expected to be as low as that in the rapidly
equilibrating ion 2-CH;. This is also seen from the ex-
perimental fact that the rapid equilibration process in
1-H cannot be frozen out on the nmr time scale even at
—135°, The Wagner-Meerwein shift in the 1,2-di-
anisyl-2-norbornyl cation as shown by Schleyer, et al.,?
and in the 1,2-dimethoxy-2-norbornyl cation as shown
by Nickon, et al.,® could be slowed down or frozen out
at low temperatures. In the case of 1,2-dimethyl- or
-diphenyl-2-norbornyl cations, there was no indication
of similar “freezing out” of the pmr shifts even at
—135°.  The positive charge is therefore expected to be
substantially localized on oxygen in both the dime-
thoxy- and dianisyl-substituted 2-norbornyl cations and
thus increases the barrier for the 1,2 Wagner-Meerwein
shift.

Since the phenyl rings in 1-H are not delocalizing the
positive charge by significant conjugative interaction,
the difference of the averaged carbon shifts of C; and
C; between 1-H and 2-CH; (8uc 3.5 ppm) can be ac-
counted for by the difference of the inductive effect be-
tween the phenyl and methyl groups.!?

A detailed analysis of the pmr spectrum of the 2-phenyl-
2-norbornyl cation has been previously given,’ 1% and
showed no indication of nonequivalence of the ortho
protons. The total Fourier transform cmr spectrum
of 3-CgH; reveals, however, that the two ortho phenyl
ring carbons are nonequivalent (Table ITI). In order

(11) G. A, Olah, R. Waack, M., A, Doran, and E. B, Baker, J. 4mer,
Chem. Soc., 88, 1272 (1966).

(12) (a) G. J. Ray, A, K. Colter, D. G. Vavis, D. E, Wisnosky, and
R. J. Kurlander, Chem. Commun., 815 (1968); (b) G. J. Ray, R. J.
Kurland, and A. K. Colter, Tetrahedron, 27, 735 (1971).

Cmr Parameters of 1,2-Diphenyl-2-norbornyl Cation and Model Cations in FSO;H-SO,CIF*

Table I1.
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Figure 2, Cmr spectrum of the 1,2-diphenyl-2-norbornyl cation.

to achieve p—7 overlap between the phenyl = system
and the electron-deficient center, the phenyl ring in 3-
C:H; must orient itself so that the two ortho carbon
atoms are becoming nonequivalent. The carbon shifts
of the two meta carbon atoms are equivalent. The
energy barrier for rotation along the carbon-phenyl
ring bond must be high since we could not observe any
spectral change up to temperatures above +45°, when
ion 3-CsH; starts to decompose. This observation
also indicates that conjugative delocalization by the
phenyl ring is the major factor in stabilizing ion 3-
C¢H;. The 2-methyl-2-norbornyl cation 3-CH; has
also been shown to be a tertiary carbenium ion stabilized
by partial ¢ delocalization. C, inion 3-CH; has a car-

bon shift of 5130 +ll30 (d, Jlac = 169.5 HZ), while C
in 3-C¢H; is about 20 ppm more shielded (15c +134.0,
Jug = 158.4).
involved in 3-C¢H; than in 3-CH;.

[113.0 :+ -713
CH,

3-CH,

Much less o delocalization is therefore
Jon 3-C¢H; has

h ~1420
CH,
7

+ =748

3CH, 4

been considered to be a completely classical 2-sub-
stituted 2-norbornyl cation.’*% We have now com-
pared the carbon shifts for the carbenium center in 3-
CsH; (6:5¢ —63.5), 4 (61sc —74.6), 5 (81 —65.8), and
6 (6150 —66.3) showing that ion 3-C¢H; has a slightly
shielded carbon shift for the carbenium center com-
pared with those in the other ions. A limited degree
of ¢ delocalization might thus also be operative in 3-
CesH;. It is further possible to utilize the ring shifts,
particularly the para carbon shift as a guide for charge
distribution in the phenylcarbenium ions (i.e., in the

145.5 158.7 171.8
!
160.8

phenyl group directly attached to the carbenium center).
A good linear relationsiip between electron densities
and chemical shifts can be assumed (the para shifts
being generally not affected by steric factors). A com-
parison between the para shifts in the 1,2-diphenyl-2-
norbornyl cation 1-H and 2-phenyl-2-norbornyl cation
3-CsH; shows a only slightly deshielded para shift
(8¢ 52.5) in 1-H, but a substantially more deshielded
para shift (8¢ 41.1) in 3-C4H;.

It is further possible to use the difference of the
carbenium carbon shifts in a series of carbocations to
understand the extent of charge delocalization. For
instance, the differences of the carbenium carbon reso-
nances between 3-C¢H; and 4, 3-C¢;H; and 5, as well as
3-CsH; and 6 are 11.1 ppm, 2.3 ppm, and 2.8 ppm, re-
spectively (Table II). All these phenylcarbenium ions
are therefore expected to experience a similar degree of
charge delocalization through p—-= conjugation between
the phenyl ring and the electron-deficient center. In
contrast, the difference of the carbenium carbon reso-
nances between the 2-methyl-2-norbornyl cation 3-CHj;
and l-methyl-1-cyclopentyl cation 7 is very significant
(i.e., 647 ppm). If one assumes that a similar degree
of conjugation through the phenyl ring exists in 3-CgH;
and 4, and a similar degree of hyperconjugative effect
through methyl group exists in 3-CH; and 7, then the
large difference (64.7 ppm) in carbon shifts found in the
case of the latter pair of ions must be accounted for by
C~C;¢ ¢ delocalization operating in the 2-methyl-2-
norbornyl cation. A small difference (11.4 ppm) in
carbon shifts existing in the case of the former pair of
ions can be accounted for by a limited degree of C;—Cs
o delocalization operating in the 2-phenyl-2-norbornyl
cation.

The 13C nmr study of the 2-phenyl- (3-C¢H;) and 1,2-
diphenyl-2-norbornyl (1-H) cations when compared
with the related 2-methyl- (3-CH;) and 1,2-dimethyl-2-
norbornyl (2-CH;) cations allows a comparison of =
and o delocalization in substituted 2-norbornyl cations.
3-C4H; clearly is a typical tertiary phenylcarbenium
ion with substantial charge delocalization into the
phenyl ring and with only very limited Ci~Cs o de-
localization. In contrast, 7 delocalization into the

Journal of the American Chemical Society | 96:1 | January 9, 1974



phenyl ring in 1-H is drastically reduced due to un-
favorable nonbonded interaction between the two
phenyl groups. = delocalization consequently in this
ion is substantially taken over by ¢ delocalization of the
C—Cs bond and induces the fast 1,2 Wagner-Meerwein
shift. We suggest that consideration of the complete
cmr spectra of carbocations allows further differentia-
tion of the nature of charge delocalization. This point
can be well illustrated when comparison is made between
the 2-methyl- and 2-phenyl-2-norbornyl cations. The
C, carbon shifts are 6 —77.3 and —63.5, respectively.
If only these shifts would be compared, the phenyl
group could be considered only slightly more effective
in delocalizing charge than the methyl group. This
conclusion would, however, be very misleading. In
fact the charge is substantially delocalized through p~w
conjugation into the phenyl ring in ion 3-C¢H;, and
charge delocalization in 3-CHj; is the result of C;-Cs
o-bond hyperconjugation. The effect of the methyl
group (i.e., C-H hyperconjugation) is small when com-
pared with that of the C;—Cs bond (i.e., C-C hypercon-
jugation) as is shown by the comparison of CH; car-
bon shifts in several methyl-substituted carbenium
ions.’» We have recently commented on the continuity
of charge delocalization in carbocations with or with-
out significant bridging.!®* The partial o-bond delocal-
ization observed in the 2-methyl-2-norbornyl cation
3-CH; can be readily explained without the necessity
of symmetrical bridging.

Conclusions reached concerning the relative ability
of phenyl and methyl groups to affect = and ¢ delocal-
ization, respectively, are also in accordance with results
of solvolytic studies.'4 !> Brown has solvolyzed exo-
and endo-2-aryl-2-norbornyl derivatives and found that
the relative rates of the exo isomers with respect to the
corresponding endo isomers remain essentially con-
stant as the electron demand of the cationic center is
increased over the same range by varying substituents
on the phenyl ring.14»b4 Consequently, he concluded
that no significant ¢ participation can be present in the
2-aryl-2-norbornyl system. According to our cmr
studies, ¢ delocalization in 3-C¢H; is indeed found to be
much smaller than that in 3-CHj;, and therefore no sig-
nificant ¢ participation in the solvolytic reaction of 2-
aryl-2-norbornyl derivatives is expected, as the stabiliza-
tion of the developing carbenium ion center in solvolytic
reactions also comes mainly from aryl ring and not from
the ¢ bond. For the same reason the exo/endo rate
ratio is not expected to change significantly. If ¢ par-
ticipation is found to be limited in the related carbenium
ions under stable ion conditions, it is expected to be
even more limited in solvolytic reactions. The same
is, however, not expected to be applicable in tertiary
2-alkyl-2-norbornyl systems, since ¢ participation in

(13) G. A.Olah and G. Liang, J. Amer. Chem. Soc., 95, 3792 (1973).

(14) (@) H. C. Brown and G. L. Tritle, ibid., 88, 1320 (1966); (b)
H. C. Brown and E. N. Peters, ibid., 95, 2397, 2398, 2400 (1973); (c)
H. C. Brown and M. H. Lei, ibid., 88, 5355 (1966); 86, 5004 (1964):
(d) H. C. Brown and K. Takeuchi, ibid., 90, 2691, 2693 (1968); 88, 5336
(1966); (e) P. v. R, Schleyer, ibic., 89, 699, 701 (1967).

(15) H. L. Goering and T. V. Clevenger, J. Amer. Chem. Soc., 94,
1010 (1972), and references quoted therein.

199

:%
?

REACTION COORDINATE

REACTION COORDIKATE

Figure 3.

ion 3-CH; is indeed found to be significant. A change
in the exo/endo rate ratio is therefore expected.

Conclusions

Although no solvolytic studies were reported for 1,2-
diphenyl-2-norbornyl derivatives, the results of sol-
volysis of related 1,2-dimethyl-2-norbornyl derivatives
are instructive.'® Evidence has shown the importance
of ¢ delocalization in the solvolysis of secondary nor-
bornyl systems.!® This factor is becoming less domi-
nant affecting rates of solvolysis in tertiary norbornyl
derivatives. The stable 2-norbornyl cation has been
shown at low temperature to be completely bridged
(nonclassical).® Tertiary 2-substituted 2-norbornyl cat-
ions only show partial o delocalization, and even much
less o delocalization is found in 1,2-diaryl- (alkyl) or
2,3-dialkyl-2-norbornyl!* cations where 1,2 Wagner—
Meerwein or 3,2-hydrogen shifts can be extremely fast.
The symmetrically o-bridged 2-norbornyl cation must
be consequently represented as an energy minimum
(intermediate) on the potential energy diagram of the
related solvolysis reactions, while such bridged ions can
be considered either only as transition states (energy
maxima) or metastable intermediates with very shallow
minima on a flat energy profile (see Figure 3) in 1,2-
diaryl(alkyl)-2-norbornyl systems (i.e., 1-H and 2-CHj).

Experimental Section

1,2-Diphenyl-endo-2-norborneol was prepared according to the
procedure of Schleyer, et al.,?> mp 108-110°.

Preparation of the 1,2-Diphenyl-2-norbornyl Cation 1-H. 1,2-
Diphenyl-endo-2-norborneol in SO, (or SO,CIF) solution precooled
at —78° was slowly added to a freshly prepared FSO;H-SO;-
(SO,CIF) solution at Dry Ice-acetone bath temperature (with
vigorous stirring) to give an approximately 207 solution of the ion.

Quenching of a solution of the 1,2-diphenyl-2-norbornyl cation was
carried out by adding the solution of the cation 1-H to an excess of
KOH-SO.(SO,CIF) at —78°. The resulting solution was slowly
allowed to warm to 0°, poured into ice, extracted with ether, and
then washed to neutral. The ether extract was dried (MgSO,)
and concentrated and the products were identified by glc and pmr.

1H and 3C nuclear magnetic resonance spectroscopic studies were
carried out the same way as reported previously.!s
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