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Figure 1. '"H NMR spectrum of 1 in magic acid/SO,: bottom spectrum
at —60 °C; top spectrum at —20 °C.

and dication 3a are clearly visible. Spectra taken at interme-
diate temperatures between —60 and —20 °C show interme-
diate amounts of 2a and 3a. Also, cooling the sample back to
—60 °C 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/SO,CIF,* only the protonated carbocation 3a can be
detected at temperatures up to 0 °C.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 2¢, i.e., reversible protonation at C-2 in magic
acid/SO, and irreversible protonation at C-2 in magic acid/
SO,CIF.% Surprisingly, perhaps, reversible protonation of 2b
at C-2 is observed both in magic acid/SO, and magic acid/
SO,CIF.57 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.® Finally,
the sesquixanthyl cation (4) is protonated irreversibly at the
meta position in magic acid, both in SO, and SO,CIF .62

In conclusion, it is clear that unequivocal evidence has been
presented for the direct protonation of aromatic 7 carboca-
tions. Furthermore, the prgsent 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 (Hg) 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 established!-3 that well-resolved !3C
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.*S 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-workers® 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 '3C 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.”
The solid-state '3C NMR spectra of this species at low (—105
°C) and ambient (27 °C) 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-
trum?® at ~30 °C, 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 !3C spectrum of I at —45 °C in
(CDCl3-CD3NO,). 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).° 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 °C;

© 1979 American Chemical Society
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Figure 1. '3C NMR spectra (15.08 MHz) of diethoxycarbonium hexa-
chloroantimonate (1) at —105 (bottom) and 27 °C (top). Spectra were
obtained using single 5-ms cross-polarization contacts with a 44-kHz
proton-carbon matching condition;' 3880 scans with a 3-s delay and
29 000 scans with a 1-s delay were used at 27 and —105 °C, respectively.
Spinning rates were ~3 kHz.43

in the solid, the spectrum remains unchanged from —180 to
27 °C.

Figure 2 shows the !13C NMR spectrum of heptamethyl-
benzenonium tetrachloroaluminate (II) at low (—180 °C) and
ambient (27 °C) temperatures. This species was chosen as
representative of a large class of carbonium ions where the
positive charge is distributed over a number of carbon centers
in a m-bonding network.” Although the line widths at 27 °C
are two to three times those of the diethoxycarbonium ion,'¢
the spectra are still sufficiently well resolved to assign most of
the carbon resonances. The chemical shifts measured for the
solid-state spectra are within 1-4 ppm of those reported from
high-resolution NMR studies in solution.!! The lack of any
substantial shift differences between the spectra in the two
phases indicates that there has been little perturbation in the
charge distribution in the solid.

An interesting feature of the two carbonium ion spectra is
the line width which, for both compounds, is large com-
pared with that obtained®* from polycrystalline hydrocarbons
(~10-20 Hz). Since these salts are crystalline materials,” it
is unlikely that the line widths are due to a distribution of iso-
tropic chemical shifts. Such distributions have been observed
for amorphous polymers! but not for crystalline regions of
semicrystalline polymers.'2!3 Therefore, this broadening is
attributed to dipolar interaction of the carbons with the qua-
drupolar chlorine nuclei in the counterions. At the 1.4T field
strength of the spectrometer, dipolar coupling of carbons with
the chlorine nuclei (which experience a strong electrostatic
quadrupole interaction'?) should not be removed by magic-
angle spinning.!> The enhancement in resolution at ambient
temperature for both I and I may be due to reduction of C-Cl
coupling by molecular motion in the solid. Although the C-Cl
dipolar interaction limits the resolution, the distance depen-
dence of this coupling, (Rc_c)) 3, represents a potential source
of information on the geometry of the ion pair. For compound
I1, the width of the resonance of the C-3,5 ring carbons is ~1.5
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Figure 2. '3C NMR spectra (15.08 MHz) of heptamethylbenzenonium
tetrachloroaluminate (11) at —180 (bottom) and 27 °C (top). Conditions
were the same as used to obtain the spectra of 1, except that 7800 scans
with a 10-s delay and 3100 scans with a 2-s delay were used at 27 and —180
°C, respectively.

(27 °C) to 2 (—180 °C) times!9 that of the C-1 ring carbon.
This result suggests closer proximity of the AICl4~ counterion
to the portion of the ring in which the positive charge is ex-
pected to be localized. Indeed, the X-ray structure!6 of II shows
much shorter C-Cl distances for C-3,5 compared with C-1.
The differential in line widths between I and II may be due to
more facile rotation of the SbClg™ moiety in the solid, leading
to a reduced C-Cl coupling either by motional narrowing or
enhanced spin-lattice relaxation of the chlorine nuclei, with
concomitant self-decoupling from the carbons.!”

Similar results to those presented above have been obtained
for other carbonium ion species.!'® Collectively, they demon-
strate the feasibility of using “magic-angle” spinning NMR
spectroscopy to characterize carbonium ions in the solid state
at low temperatures. The resolution of the experiments is ad-
equate for structural assignments, and more importantly, it
appears that there are no large chemical-shift changes induced
by “solid-state” effects. The latter finding may not always
obtain and will have to be verified for each different type of
reactive intermediate under study before attempting to extend
correlations established in solution to the solid state.

These results illustrate the potential of this technique as a
new avenue for the study of reactive intermediates. We are
currently extending this type of spectroscopy to other, less well
characterized, carbonium ions.
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Extended Unsaturated Carbenes.!

Generation and Reaction of Allenylidene Carbenes,
(R)2C=C=C=C:, with Olefins

Sir:

Carbenes 1 are well established and highly useful members
of the family of reactive intermediates.2 More recently un-
saturated carbenes, consisting of alkylidene 2 and alkenylidene
3 carbenes, have been generated and shown to possess novel

R N R
, pis R) c=C:
! 2 3 4

R\ R\
c=ceC: C=CeC=C:
R R

properties and chemistry.? However, to date no extended un-
saturated carbenes beyond 3 have been reported. Such ex-
tended unsaturated carbenes would be of interest in their own
right in addition to serving as a means of simple entry into
cumulene chemistry. In this communication we report the
generation and interaction of the next homologous unsaturated

Table I. Spectral Data for Products 10, 11a, and 11b
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Scheme I
080, CF 080, CF 8 NN
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2 ™ T Dimer
carbenes, specifically allenylidene carbenes 4, with some ole-
fins.

A priori, allenylidene carbenes 4 may be generated using
base via a-elimination from an appropriately functionalized
cumulene 5 or by y-elimination from a properly functionalized

enyne 6. These two modes of allenylidene carbene generation

X
_hase base

X
7 |
(R)zC=C=C=C\H po > (R)CeC=Cl: (R)2C=C—CsC—H

El 4 6

are analogous to the generation? of alkenylidene carbenes 3
from allenyl and propargyl halides. Since to our knowledge
cumulenyl halides 5 are unknown* and not readily accessible,
we chose triflate functionalized enynes’ 6 as progenitors of
carbene 4. Reaction of 5.0 mmol of alkynylvinyl triflates® 7a
and 7b with a mixture of excess olefin in 1,2-dimethoxyethane
at 0 °C maintained over an argon atmosphere and containing
5.5 mmol of potassium tert-butoxide proceeded as shown in
Scheme I. Rapid loss of a proton and formation of anion 8 was
indicated by reisolation of deuterium incorporated triflate 7b
in deuterated media.® Subsequent loss of the triflate ion results
in carbene 4 which is a resonance hybrid of the neutral carbene
d4a and the dipolar form 4b. The contribution of the dipolar
-C=C8

(R} L=C=CoC: #—> (R),C

La 4

T o®

form 4b is presumably minimized by both the relatively high
energy of a vinyl cation’ in comparison with normal carbenium
ions and the nonpolar nature of the reaction medium. Carbene
4 is readily trapped by olefins resulting in adduct 9, whose
subsequent fate is strongly dependent upon substituents in both
the carbene and the olefin.

Addition of the parent triflate 7a to tetramethylethylene
(TME) results in a polymer most likely via oxygen initiated
free radical polymerization of adduct 9.8 Using triflate 7b and
TME, the monoadduct 10 is isolated as transparent plates. In

Ry R
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M Me
Me\ },
CoCoC=C i
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3

mass spectra m/e [SACH

'H NMR,¢ 8 ppm

compd mp, °C (relint) Aomax, nm () IR,6em=! (int) (no., mult) 13C NMR,“ 8 (ppm)
10 58-60 162 (100), M* 306 sh, (150) 2065 (m) 1.17 (12 H. s) 163.5,121.1,116.2,
264 (10800) 1.80 (6 H,s) 111.7, 30.2 (e), 28.3,
236 sh, (3900) 24.6.21.1
11a 102-104 dec 264 (94), M* 256 (1750) 1900 (m) 0.63 (2 H,m) 151.6,129.7, 118.2,
165 (100) 202 (11450) 1710 (w) 119 (8 H.brm)  97.6,22.8,21.3,21.2
860 (s) 1.70 (6 H, s)
11b 114-116 dec 320 (100), M* 264 (4000) 1955 (m) 0.60 (2 H, m) 165.3,103.6,100.2,
245 (4000) 1710 (w) 1.13 (8 H,br m) 40.1,21.7,21.4,19.4,
207 (19200) 1.70 (6 H, s) 16.0

@ Heptane. # 10% CCly. ¢ CCly, internal standard MesSi. 4 CDCl3, internal standard Me4Si, proton decoupled. ¢ Impurity.
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