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Stable Carbonium Ions. X.1 Direct Nuclear 
Magnetic Resonance Observation of the 

2-Norbornyl Cation 
Sir: 

An unusually intensive research effort has been 
devoted to the study of bicyclo[2.2.1]heptyl cations, 
their rearrangements, rates of formation, and struc
ture.2-11 We wish to report the direct observation of 
the 2-norbornyl cation as the SbF 6

- salt in SbF5 or 
SbF6-liquid SO2 solution,12 the analysis of the n.m.r. 
spectra of such solutions,13 and the discovery of new 
rearrangements in the norbornane series. 

The n.m.r. spectra of 2-exo-norbornyl chloride and 
fluoride (I) are expectedly complex, but when either 
halide is dissolved in SbF5 or in SbF5-liquid SO2 the 
same one-peak spectrum is observed at temperatures 
between —5 and +37° (Fig. 1). This broadened peak 
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Fig. 1.—N.m.r. spectra of 2-exo-norbornyl fluoride (I, X = F) 

and the 2-norbornyl cation at + 37°. 

appears near —3.75 p.p.m. in neat SbFs and near —3.1 
p.p.m. in SbF5-SO2, relative to external tetramethyl-
silane. If the solution in SbF5-SO2 is cooled to —60°, 
separation of the n.m.r. spectrum into three bands of 
areas 4 ( — 5.35 p.p.m.), 1 ( — 3.15 p.p.m.), and 6 
( — 2.20 p.p.m.) occurs (Fig. 2). If the solution at 
— 60° is warmed to room temperature the single line 
pattern (at —3.1 p.p.m.) is restored, and this warming-
cooling cycle can be repeated many times, indicating 
the chemical stability of the ion in solution. The 
identity of this ion as the 2-norbornyl cation follows 
not only from the analysis of these n.m.r. spectra, 
discussed in the accompanying communication,13 but 
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Fig. 2.—N.m.r. spectrum of the 2-norbomyl cation at -60° . 

also from the hydrolysis12 of the ion, which produced 
only 2-exo-norbornanol (III) in good yield and in high 
purity. 

The same 2-norbornyl cation can be generated in 
other ways and from other precursors. If 2-exo-
norbornyl chloride (I, X = Cl) is dissolved in a solu
tion of AgSbFe in liquid SO2 containing a small amount 
of SbF5, the same ionic species is formed. Treatment 
of norbornene (II) with HSbF6 (HF + SbF5) in SbF5 

gives the same result. More surprising is the behavior 
of 1-chloronorbornane (IV) and 7-chloronorbornane 
(V), since both compounds are legendary in their in
ertness toward normal ionization conditions.3'8'14 

When either IV or V was dissolved in a solution of 
SbF5-SO2 at low temperatures, the n.m.r. spectra 
indicated little carbonium ion formation. When these 
solutions were warmed to —10° and then cooled to 
— 60°, the characteristic 2-norbornyl signals (Fig. 2) 
were observed. The rearrangements of IV and V to 
the 2-norbornyl cation were confirmed by hydrolysis; 
both solutions gave principally 2-exo-norbornanol 
(III) (see Tables I and II). These rearrangements 
are without precedent in the literature.3,14 

TABLE I 

ANALYSIS OF HYDROLYSIS PRODUCTS FROM 

7-CHLORONORBORNANE (V) IN SbF6-SO2 

Hydrolysis after 7-Norbornanol 2-exo-Norbornanol 
warming to (0C.) (VII), % (III), % 

- 5 0 70 30 
- 3 5 53 47 
- 2 0 5 95 

TABLE II 

ANALYSIS OF HYDROLYSIS PRODUCTS FROM 

1-CHLORONORBORNANE (IV) IN SbF5-SO2 

Hydrolysis 1-Chloro-
after warm- norbornane 1-Norborn- 2-exo-Norborn-
i n g t o C C . ) (IV), % anol (V), % anol (III), % Other, % 

- 5 0 34 65 0.5 0 .5 
- 3 5 1 11 87 1" 

- 2 0 0 5 94 1" 

" Two minor products. 

The fact that even simple aliphatic carbonium ions are 
stable in SbF5 solution suggests that such conditions 
should afford a maximum opportunity for rearrange-
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ment.12 '16 In a given series the carbonium ions of 
greatest over-all stabili ty tend to form.12,15 I t is quite 
clear from the literature tha t the 2-norbornyl cation is 
considerably more stable than either the 1-norbornyl 
cation, the 7-norbornyl cation, or other bicycloheptyl 
cations of different carbon skeleton. One such struc
ture is ion VI, which has been observed to be inter
convertible with the 7-cation.16 In an a t tempt to gain 

VI VII 
OH 
VIII 

some insight into the course of rearrangement of IV 
and V to the 2-norbornyl cation, we have carried out 
hydrolyses of solutions of these chlorides. The 
chlorides were dissolved in SbF6-SO2 at —70°, warmed 
to temperatures given in Tables I and II , cooled back 
to —70°, and hydrolysed at this low temperature. 
Tables I and I I summarize the data. From 7-chloro-
norbornane (V) only 7-norbornanol (VII) and 2-exo-
norbornanol ( III) were obtained (Table I) . 1-Chloro-
norbornane (IV) was somewhat more inert.17 At 
the lowest temperatures (Table II) some start ing 
material was recovered. The major reaction products 
were 1-norbornanol (VIII) and I I I , although traces 
of unidentified substances were also detected by 
capillary gas chromatography. 

We have no positive evidence for the mechanisms 
of the rearrangements of the 1- and 7-norbornyl com
pounds IV and V to the 2-norbornyl cation. The hy
drolysis experiments suggest t ha t the 1-norbornyl and 
7-norbornyl cations are not interconvertible. The 
simplest conceptual mechanism for the transformation 
of IV to the 2-cation is a simple 1,2-hydride shift, 
while V might rearrange to the 2-cation either by a 
direct 1,3 hydride shift or by the fragmentation se
quence shown below. 
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Stable Carbonium Ions. XI.1 The Rate of 
Hydride Shifts in the 2-Norbornyl Cation 

Sir: 

The n.m.r. spectrum of the 2-norbornyl cation, as its 
S b F 6

- salt, undergoes significant changes with altera
tion in temperature. At —120°, 2-exo-norbornyl 
fluoride in mixed SbF6-SO2-SO2F2 solvent consists of 
three peaks at - 3 2 1 (area 4), 189 (area 1), and - 1 3 2 
c.p.s. (area 6) from external tetramethylsilane (at 
60 M c ) . No important change appears up to —60°, 
but at higher temperature the peaks broaden and 
coalesce near —23° to a single peak, which sharpens 
to 20 c.p.s. half-width a t 3° (Fig. I ) . 1 An analysis of 
these spectra allows us to determine the rates and acti
vation parameters of hydride shifts occurring in the 
norbornyl cation. 

Three rearrangements have been established for the 
2-norbornyl cation.2 These are the Wagner-Meer-
wein rearrangement (1), the 6,2- (or 6,1-) hydride shift 
(2), and the 3,2-hydride shift (3) (Chart I) . 

CHART I" 

Wagner - Meer wein 
rearrangement (1) 

6, 2-hydride shift (2) 

3, 2-hydride shift (3) 

" For simplicity only classical carbonium ion formulas depict 
the rearrangements. This does not, however, per se imply, any 
bias against the bridged (nonclassical) structure of the norbornyl 
cation. 

The low-temperature spectrum is consistent with the 
assumption tha t (1) and (2) are proceeding rapidly 
and (3) slowly. The protons on carbons 1, 2, and 6 
would interconvert rapidly, and they appear as the 
low-field peak of area 4 (A). The protons on carbons 
3, 5, and 7 also would be equivalent, giving the high-
field peak of area 6 (C). The single C4 bridgehead 
proton gives the signal at intermediate field (B). 
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