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acetate to be competitive with the departure of nitrite.9'10 The 
situation is clearly quite different with 2, where the product 
data from aqueous solvolysis show that displacement of halo
gen occurs before loss of nitrite and subsequent rearomatiza-
tion. With sufficiently hindered bases, such as rerf-butoxide 
ion, it is possible to retain the halogen and promote what we 
presume to be an E2 elimination of the elements of nitrous acid. 
Within reasonable steric contraints, however, displacement 
prior to elimination may be anticipated as indicated in eq 2. 
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Rates of displacement are significantly enhanced by trans
forming the nitrodienyl chloride (2) to the nitrodienyl bromide 
in situ with the use of tetrabutylammonium bromide. The 
tetrabutylammonium cation also facilitates phase transfer of 
anions such as cyanide and nitrite, making it possible to con
duct efficient displacement-elimination sequences in two-
phase reaction mixtures. 

It should not pass unnoticed that regiospecific nitration is 
now possible. One can direct the course of reaction of an ipso 
nitration product so that either the isomerically pure o-ni-
troalkylbenzene or thep-nitroalkylbenzene may be obtained 
from the same starting material. Thus treatment of 4-
methyl-4-nitrocyclohexadienyl acetate with concentrated 
sulfuric acid yields o-nitrotoluene, but the sequence of dis
placements and elimination described above yields the para 
isomer. The utility of these reactions is enhanced by the de
velopment of efficient syntheses of 4-alkyl-4-nitrocyclohexa-
dienyl acetates.11 

The ease with which all of these transformations may be 
conducted and the apparent versatility of the general reaction 
sequence deserves stress. Ipso nitration products, curiosities 
uncovered by detailed mechanistic studies of aromatic nitra
tion, appear to have significant synthetic potential.12 
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Protonation of Aromatic w Carbocations 
in Strong Acid. Direct Observation of Protonated 
Carbocations by 1H NMR Spectroscopy 

Sir: 

Recently we reported evidence for a new type of electrophilic 
aromatic substitution which involves the reaction of H + and 
D + with aromatic ir carbocations in strong acid media.1'2 Al
though our data clearly indicated that the carbocations were 
being protonated directly, other mechanisms, although un
likely, could not be completely ruled out. We report at this time 
observations that constitute proof that the original mechanism 
is correct. 

Our original work was done for the most part in triflic acid 
(CF3SO3H and CF3SO3D) where the reaction mechanism 
could be deduced only by inference.1 Direct observation by 1H 
N M R spectroscopy of a protonated carbocation, particularly 
if it were in equilibrium with the original carbocation, e.g., 2a 
+ H + =̂* 3a, would provide overwhelming evidence that car-
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bocations can undergo electrophilic aromatic substitution with 
positively charged electrophiles. In hopes of accomplishing this, 
the much stronger acids 1:1 FS0 3 H/SbF 5 (magic acid) in SO2 

and SO2CIF were used. 
The bottom 1H NMR spectrum of Figure 1 is that of 3-

hydroxyphenalenone (1) dissolved in magic acid/S02 at —60 
0 C . This spectrum,3 which consists of 5 4.94 (br s, 2 H, H-2), 
7.90 (t, J = 8 Hz, 2 H, H-5 and H-8), 8.83 (d, J = 8 Hz, 2 H, 
H-6 and H-7 or H-4 and H-9), and 8.97 (d, J = 8 Hz, 2 H, H-4 
and H-9 or H-6 and H-7), is in complete agreement with that 
expected for the protonated carbocation 3a. Barely perceptible 
in the N M R spectrum at - 6 0 0 C are peaks at <5 6.25 (s, 1 H, 
H-2), 7.47 (t, J = 8 Hz, 2 H, H-5 and H-8), 8.14 (d, J = 8 Hz, 
H-6 and H-7 or H-4 and H-9), and 8.42 (d, J = 8 Hz, 2 H, H-4 
and H-9 or H-6 and H-7) which belong to the known mono-
cation 2a.' As seen in the top 1 H N M R spectrum of Figure 1, 
when this sample is warmed to —20 0 C , there is a buildup in 
the monocation (2a) concentration and both monocation 2a 
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Figure 1. 1H NMR spectrum of 1 in magic acid/SC>2: bottom spectrum 
at -60 0C; top spectrum at -20 CC. 

and dication 3a are clearly visible. Spectra taken at interme
diate temperatures between —60 and —20 0C show interme
diate amounts of 2a and 3a. Also, cooling the sample back to 
—60 0C regenerates the original spectrum. It is evident from 
the temperature-dependent spectra that the reversible pro-
tonation of 2a is being observed under these conditions. In
terestingly, when 1 is dissolved in the still stronger magic 
acid/S02OF,4 only the protonated carbocation 3a can be 
detected at temperatures up to 0 0C.5 It should be noted that 
these present results correlate very nicely with our earlier re
sults in triflic acid. 

Carbocation 2a is not unique, for analogous results are ob
tained on 2c, i.e., reversible protonation at C-2 in magic 
acid/S02 and irreversible protonation at C-2 in magic acid/ 
SO2CIF.6 Surprisingly, perhaps, reversible protonation of 2b 
at C-2 is observed both in magic acid/S02 and magic acid/ 
SO2CIF.6'7 As might be expected from our original results, 
when there is only one electron-releasing substituent or none 
on the phenalenyl ring as on 2d and 2e, respectively, only 2d 
and 2e are observed in these highly acidic solvents.6 Finally, 
the sesquixanthyl cation (4) is protonated irreversibly at the 
meta position in magic acid, both in SO2 and SO2CIF.68 

In conclusion, it is clear that unequivocal evidence has been 
presented for the direct protonation of aromatic -K carboca-
tions. Furthermore, the present results in magic acid correlate 
very nicely (position of protonation on 2 and 4 and relative 
reactivity of 2a-d) with our original results in triflic acid. Fi
nally, it should be noted that these reversible reactions, properly 
calibrated, likely will represent a new method by which the 
acidity function (HQ) of these magic acid solvents can be 
measured. Studies in this area are continuing. 
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High-Resolution 13C NMR Spectra of Carbonium Ions 
in the Solid State 

Sir: 

It has recently been established1 ~3 that well-resolved 13C 
NMR spectra of solids can be obtained using a combination 
of pulsed NMR and "magic-angle" spinning techniques. Al
though initial studies have been carried out almost exclusively 
at ambient temperatures, full exploitation of this experiment 
requires variable-temperature capability.4,5 The accessibility 
of low temperature, in particular, makes feasible the investi
gation by NMR of reactive intermediates in the solid state. 
Carbonium ions are classic examples of reactive intermediates 
and the NMR studies of Olah and co-workers6 have led to 
detailed understanding of their structure in solution. Dem
onstration that high-resolution NMR spectra of carbonium 
ions can be obtained in the solid state, and particularly at low 
temperature, introduces the intriguing possibility of "freezing 
out" and observing structures which are involved in low-energy 
exchange processes. In this communication, we report the first 
high-resolution 13C NMR spectra of carbonium ion salts in 
the solid state. 

Diethoxycarbonium hexachloroantimonate (I) was chosen 
as representative of those carbonium ion structures in which 
the charge is effectively localized on a single carbon center.7 

The solid-state 13C NMR spectra of this species at low (—105 
0C) and ambient (27 0C) temperatures are shown in Figure 
1. 

At both temperatures, the resolution is sufficient to clearly 
identify the different carbon atoms in the system. Of particular 
interest is that the methylene carbons appear as two separate 
signals. This result is in accord with the solution proton spec
trum8 at —30 0C, which shows two methylene-proton reso
nances. The inequivalence is thought to arise from restricted 
rotation about the C-O bonds in the preferred (Figure 1) 
cis,trans isomer. To compare the carbon shifts with solution 
values, we determined the 13C spectrum of I at —45 0C in 
(CDCl3-CD3NO2). The chemical-shift values (parts per 
million from Me4Si) in the solid (solution) follow: C-1,176.7 
(177.1); C-2,2', 82.6, 76.8 (81.8, 75.8); C-3,3', 13.2 (13.9, 
12.6).9 The close agreement in chemical-shift data indicates 
that the preferred conformation that exists in the crystal lattice 
is the same as the stable conformer in solution at low temper
ature. In solution, the spectrum is a function of temperature 
with averaging of the shift inequivalence occurring at 30 0C; 
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