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In previous studies,! we have shown close correlations with
essentially unit slopes between enthalpies of ionization of alkyl,
alicyclic, and aralkyl chlorides and fluorides in SO,CIF, SO,
SO,F,, CH,Cl,, “magic acid”, and the gas phase. These ther-
mochemical studies correlate closely with the NMR observations
of Olah’s group, which show remarkably little effect of the leaving
group on the nature of the carbocations which are formed from
many types of precursors (halides, alcohols, alkenes, haloformates,
thiols) provided that the superacid medium is strong enough to
cause ionization and that halonium ions are not formed.!>* The
results presented here are the first departure known to us from
this simple and consistent pattern.

Figures 1 and 2 show the relationship between enthalpies of
ionization (AH,) for a series of alcohols by excess SbFs or magic
acid in SO, solvent compared to AH,’s for the corresponding
chlorides with SbFs in SO,CIF. Both series were measured at
temperatures between —~40 and —55 °C. Unlike all our previous
studies referred to above, the alcohols in SO, show a much greater
variation of AH; with changing structure than do the halides in
SO,CIF. Thus, the slope of the line through points for the aliphatic
and alicyclic cations with SbFj is 4.5 (» = 0.98, seven points) and
3.8 with 1:1 (mol/mol) SbFs/FSO3;H (r = 0.95, seven points),
and the points for cumyl, p-methylcumyl, trityl, benzhydryl, and
2-methyl-2-norbornyl cations are badly displaced, suggesting,
perhaps, another line with slope close to unity. Evidence that this
behavior is characteristic of alcohols in SO, is provided by Figure
3, which shows good correlation with unit slope for the same series
of alcohols in SbFs/SO, and in SbFs/FSO;H/SO,. No dis-
placement of the aralkyl ions is seen from this line. In all cases
the low-temperature proton spectra (60 MHz, —55 °C) correspond
to those that we have found in the other superacids and those
reported by Olah’s group for these ions.

Ionization appears to be rapid and complete as evidenced both
by 'H NMR spectra and the sharpness of the strip-chart ther-
mograms.!*® We are therefore presented with the interesting fact
that the thermochemical behavior for ionization of the alcohols
in two media containing SO, is sharply different from that in other
media, even though the 'H NMR spectra are identical. Figure
4 shows that the peculiar thermochemical behavior depends on
the presence of alcohols and SO,, since replacement of this solvent
with SO,CIF returns us to the usual unit slope correlation for

(1) (a) Arnett, E. M.; Petro, C. J. Am. Chem. Soc. 1978, 100, 5402-7. (b)
Arnett, E. M.; Petro, C. Ibid. 1978, 100, 5408—-16. (c) Arnett, E. M.; Petro,
C.; Pienta, N. J. Ibid. 1980, 102, 398—400. (d) Arnett, E. M.; Pienta, N. J.
1bid 1980, 102, 3329-34. (e) Larsen, J. W.; Arnett, E. M, Ibid. 1969, 91,
1438-42,
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Figure 1. Plot of the heats of ionization for a series of alcohols with SbF
in SO, vs. the corresponding chlorides ionized with SbFs in SO,CIF.!?
A regression line was calculated for the alkyl ions only (except 2-
methyl-2-norbornyl).
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Figure 2. Plot of the heats of ionization for a series of alcohols with 1:1
(mol/mol) SbF;/FSO;H in SO, vs. the corresponding chlorides ionized
with SbF; in SO,CIF.!? A regression line was calculated for the alkyl
ions only (except 2-methyl-2-norbornyl).

halides in superacid media. Alkyl halides with SbFs in SO, behave
normally (except for 2-propy! and cyclopentyl!ab),

The most reasonable way to account for these unusual results
is to consider that they are caused by strong interactions between
the carbocations and the complex antimony anions, which are
produced by complete ionization. If ionization were not complete,
it would be obvious from the spectra—if dissociation were com-
plete, there is no reason why interaction with the anion should
vary with the structure of the cations, as is the case here.

Considerable evidence is available from F NMR? studies to
show that the anions produced by ionization of alkyl halides with

(5) Bacon, J.; Dean, P. A. W; Gillespie, R. J. Can. J. Chem. 1969, 47,
1657-9.
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Table 1. Enthalpies of Reaction of Alkyl and Aryl Alcohols and Chlorides with Lewis Acid-Solvent Systems®
SbF, SbF, 1:1 Sbl: /FSO, H 1:1 SbF,b/I'SO,H

SO,CIF S0, 50, SO,CIF

precursor/Lewis acid solvent X=Cl X =0H X =0H X=0H
l-adamantyl-X -21.6 0.5 -10.3 0.3 -31.0:04 -24.4+:0.9
2-norbornyl-X -23.6 £ 0.5 -17.7: 04 -31.1: 1.1 -34.6 + 0.4
tert-butyl-X -24.8+0.3 -22.5+0.5 -32.7+0.7 -35.5:04
1-methylcyclopentyl-X -27.1:04 -38.8+0.7 -48.9 + 0.9 —38.8+0.5
1-methylcyclohexyl-X -26.9:0.3 -33.4:08 -39.4+09 -37.8+ 0.7
2-methyl-2-butyl-X -27.1+0.4 -34.9 £ 0.7 —46.0 £ 0.9 -40.3:0.5
3-methyl-3-pentyl-X -27.9 0.3 -34.9£0.7 -47.1+ 1.3 -36.7+ 0.5
2-methyl-2-norbornyl-X -31.0+1.1 -27.6+0.5 -33.6 £ 0.7 -37.1:1.2
tert-cumyl-X -30.3:0.3 -23.8:0.4 -37.0+ 0.5 —-40.3+1.3
p-methyl-tert-cumy-X -36.9¢ -32.8:04 -40.3 0.8 —46.3+ 1.2
benzhydryl-X -27.9¢ -244:05 -30.8£0.5 -39.3+£0.7
trityl-X -38.0¢ -31.5:04 -40.1: 0.7 -49.0+ 1.1

@ All values are in kcal/mol.

Reproducibilities are given at the 95% confidence level.

b Enthalpies do not include the heats of solution,

since many of the alcohols dissolve very slowly (if at all) in this medium. For the few cases we could measure, the heat of solution was less

than the reported standard deviation for the heat of reaction.
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Figure 3. Plot of the heats of ionization for a series of alcohols in SO,
with SbF; vs. 1:1 (mol/mol) SbF;/FSO;H
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antimony halides are complex and various. Although we known
of no structural investigations of the anions formed from alcohols
and SbFs, it was shown that water (SbF; in excess) produces
SbFson, SbFsoH_, SbFs_, and the brldged (SbF4)2(OH2)22+.7
Again, a recent report® of gas-phase chemical ionization with SbFs
shows sharp dependence on the complexity of the ion.

A referee has pointed out that complex ions such as SbF;OH~
or SbF,(OH)" can disproportionate to produce SbF¢~, Sb,F,;~,
and antimony oxides.” Again, alcohols and carbocations can
interact with SO, in various ways.® These facts can help to explain
why there should be differences between the behavior of alcohols
in SO, relative to alkyl halides in SO,CIF, for example. However,
they do not explain why the sharp differences from the previous
systems should depend on the structure of the cations.

Although the study of ion pairing was important to the early
history of carbocations, it has received little attention in recent

(6) Lee, L.; Russell, J. A.; Su, R. T. M,; Cross, R. J.; Saunders, M. J. Am.
Chem. Soc. 1981, 103, 5031-34.

(7) Dean, P. A. W.; Gillespie, R. J. J. Am. Chem. Soc. 1969, 91, 7264-9.

(8) (a) Olah, G. A. J. Am. Chem. Soc. 1965, 87, 1103. (b) Brookhart,
M.; Anet, F. A. L.; Winstein, S. Ibid. 1966, 88, 5657-9.

(9) (a) Lichtin, N. N.; Wasserman, B. J. Phys. Chem. 1981, 85, 1590-95.
(b) Gogolezyk, W.; Stomkawski, S.; Pencyzek, S. J. Chem. Soc., Perkin Trans.
2, 1977, 1729-31. (c) Kramer, G. M. J. Org. Chem. 1979, 44, 2616-9. (d)
Ritchie, C. D.; Hofelich, T. C. J. Am. Chem. Soc. 1980, 102, 7039-44.

¢ Calculated.??

A
-52- L
5 o/
-50 1 |
—_ . : =103 ‘
5 ASr_ %
o~
Q -46—
2
~
FRRYYAS
2 pe
2 .
I -42 A
™ -
Q -0l LT /+ -
- N /
T . J )\
g Hop O
5-36—- 5) —‘g\.‘,
Z - o Fengipea V7
;_34P+ﬁ -+
Q —_—
-32 .
+ 8 \
Yoy S T O T Y Y Y A B

22 24 26 28 30 -32 <34 36 -38 -40
AH, (R-CI; SbFg /SO,CIF)

Figure 4. Plot of the heats of ionization of a series of alcohols (uncor-
rected for the heats of solution) with 1:1 (mol/mol) SbFs/FSO;H in
SO,CIF vs. the heats of ionization for the corresponding chlorides with
SbFs in SO,CIF.1213

years (see, however, ref 9a—d). The present results call for
examination of the role of ion pairing and anion structure in
solutions of carbocation salts in different superacid media. The
question of dissociation, in contrast to ionization, has not so far
appeared to be of importance in superacid chemistry. It now
requires consideration, since the energetics of ion—pair association
might affect the barriers for rearrangement!® in some cases or
influence the structures and equilibria of the ions in solution.!!
We are pursuring these questions by conductance and °’F NMR
experiments.

(10) Dr. Norbert Pienta while in this laboratory observed rate increases
of 8—10-fold for the rearrangement of sec-butyl to tert-butyl cation in SO,CIF
from the addition of increments of SO,.

(11) Farcasiu, D. Acc. Chem. Res. 1982, 15, 46-51.

(12) Figures |, 2, and 4: The AH, of benzhydryl and p-methylcumy!
chlorides with SbF; in SO,CIF were estimated from the AH,,, of the corre-
sponding alcohols (—39.3 + 0.5 and —46.3 + 1.2 kcal/mol, respectively) with
magic acid in SO,CIF and from Figure 4. The AH,; of trityl chloride with SbF;
in SO,CIF was estimated from data in CH,Cl,. fab

(13) We have, as yet, been unable to obtain reproducible (AH ,, <+4%)
for 2-methyl-2-norbornanol with magic acid in SO,CIF. The thermograms
suggest that the alcohol dissolves very slowly under the calorimetric conditions,
but the 'H NMR spectrum corresponds to that of the cleanly formed ion.
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The effect of molecular ordering on physicochemical properties
is receiving increased attention. Of special interest is the study
of anisotropic chemical,! electrical,” magnetic,® and optical*
properties of ordered molecular species in the solid state. Elec-
tronic conductivity, for example, in certain organic and inorganic
crystals requires the formation of segregated columns of an
electron donor, e.g., tetrathiofulvalene (TTF), and an electron
acceptor, e.g., 7,7,8,8-tetracyano-p-quinodimethane (TCNQ), in
a single crystal.? The redox behavior of the aligned molecular
species and the degree of charge transfer are also important in
determining electronic conductivity.’

We have attempted to control molecular stacking of one of the
charge-transfer partners by introducing hydrophobic interactions
in an electron-donor molecule capable of forming a stable cation
radical. We report the first synthesis of discotic liquid-crystalline
cation-radical charge-transfer salts of a A**-bi-4H-pyran derivative
(1) and describe their mesomorphic behavior as a function of the
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counterion. Some charge-transfer properties of the salts will also
be described.

The neutral 2,2°,6,6’-tetraphenylbipyran-4-ylidene derivative
1 was synthesized in 71% yield from the pyrylium salt 2 and
tributylphospine.® The physical properties of 1 agreed with those

(1) Kress, R. B,; Duesler, E. N.; Etter, M. C,; Paul, 1. C.; Curtin, D. Y.
J. Am. Chem. Soc. 1980, 102, 7709-7714.

(2) Epstein, A. J.; Miller, J. S. Sci. Am. 1979, 241, 52-61.

(3) Goodenough, J. B. In “Magnetism”; Rado, G. T., Suhl, H., Eds;
Academic Press: New York, 1963; Vol. 3, pp 1-62.

(4) Saeva, F. D,; Olin, G. R.; Ziolo, R. F.; Day, P. J. Am. Chem. Soc.
1979, 101, 5419-5421.

(5) Bloch, A. N.; Carruthers, T. F.; Poehler, T. O.; Cowan, D. O,
“Chemistry and Physics of One-Dimensional Metals”; Keller, H. J., Ed.;
Plenum Press: New York, 1977; pp 47-84.
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previously reported.” Compound 1 has a discotic mesophase
between 90 and 149 °C.” The discotic-to-isotropic thermal
transition in 1 has a larger enthalpy (6.4 kcal/mol) than the
crystal-to-discotic and the crystal-to-crystal thermal transitions.
This is characteristic of the highly ordered discotic mesophase.’
Compound 2 also shows mesomorphic behavior. The pyrylium
salt 2 showed smectic mesomorphism between 117 and 139.5 °C.

The formation of a column of disk-shaped molecules is char-
acteristic of discotic mesophases.® In a discotic mesophase the
molecular species align to provide the most effective interaction
of the hydrocarbon chains. This type of phase is desirable for
strong interchromophore interactions® and is the basis for the
effects we hope to achieve.

The oxidation potentials for 1, determined by cyclic voltam-
metry, are £;° = +0.17 V and E,° = +0.56 V [vs. a saturated
calomel electrode (SCE) in methylene chloride solution].’> Cation
radicals 1a (1*-BF,) and 1b (1*.ClO4") were synthesized elec-
trochemically by constant-potential electrolysis.” The corre-
sponding TCNQ salt (1¢) was synthesized by mixing equal molar
concentrations of 1 and TCNQ in ethyl acetate at room tem-
perature. The TCNQ charge-transfer salt crystallized from so-
lution as an analytically pure 1:1 complex. All of the cation
radicals gave excellent combustion analyses, and their electronic
spectral behavior was consistent with that of their dealkylated
derivatives.’ Compounds 1a—¢ show discotic mesomorphic be-
havior over a broad temperature range >90 °C. The extended
mesomorphic range of the cation-radical salts suggests that in-
termolecular interactions in the cation-radical salts are effective
at providing stable discotic liquid crystalline phases.

The thermal transitions and mesophases (Table I) were
characterized by a combination of optical microscopy and dif-
ferential scanning calorimetry (DSC). The degree of supercooling
of discotic-to-discotic and crystal-to-discotic transitions is char-
acteristically less than for the crystal-to-crystal thermal transi-
tions.!!

The TCNQ salt (1¢) is unique among the three charge-transfer
salts in that it has very low fluidity in the mesomorphic phase.
The mesomorphic phase of 1¢ resembles the crystalline phase more
closely than does that of 1 or even 1a and 1b. In general, the salts
1a—c, which are stable in the crystalline and mesomorphic phases,
chemically decompose at a temperature that seems to correspond
to the mesomorphic-to-isotropic thermal transition at ~240-262
°C.

Intense charge-transfer absorption is observed for the cation
radicals in solution (1030 nm in CH,Cl,) and in the solid state
(1450 nm for crystalline particles in an ethyl cellulose polymer
film),* which suggests a structure with strong intermolecular
interactions. There seems to be a direct correlation between
mesophase range and the type and degree of intermolecular in-
teraction. In the neutral species 1, hydrophobic interactions are
essential for mesophase formation. The tetrafluoroborate 1a and

(6) Reynolds, G. A.; Chen, C. H. J. Heterocycl. Chem. 1981, 18, 1235.

(7) Fugnitto, R.; Strzelecka, H.; Zann, A ; Dubois, J. C. J. Chem. Soc.,
Chem. Commun. 1980, 271-272.

(8) Vauchier, C.; Zann, A.; LeBarny, P.; Dubois, J. C.; Billard, J., Mol.
Cryst. Lig. Cryst. 1981, 66, 103-114.

(9) A Princeton Applied Research Model 173 potentiostat and a Model
175 universal programmer were used in the standard three-electrode config-
uration to obtain the oxidation potentials of 1 by cyclic voltammetry. A
platinum inlay electrode was used as the working electrode along with a
platinum auxiliary electrode and a fiber standard calomel electrode. The
electrolyte was 0.1 M tetrabutylammonium fluoroborate for the synthesis of
1a and tetraethylammonium perchlorate for the synthesis of 1b in methylene
chloride.

(10) Deuchert, K.; Hiinig, S. Angew. Chem., Inl. Ed. Engl. 1978, |7,
875-886.

(11) Bouligand, Y. J. Phys. (Paris) 1980, 44, 1307-1315.
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