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the NH and /3-pyrrolic hydrogens. 
(iv) The observed substituent effects do not follow a known 

substituent scale, possibly due to steric interactions between the 
/3-pyrrolic substituent and the peri phenyl ring. 

(v) ^-Substitution is predicted to modify chemical reactivities 
at the various pyrrolic positions; i.e., those involved in the major 
delocalization pathway should exhibit greater aromatic-type re

activity, while those on the localized double bond should be more 
susceptible to electrophilic attack. 
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Abstract: Cycloocta-2,4,6-trienone, 4, was reacted with Et3O
+SbCl6" to yield 1-ethoxyhomotropylium hexachloroantimonate, 

S. NMR spectra of solutions of this salt are consistent with the ion sustaining an induced ring current. Pale-yellow, near 
cubic crystals of 5 were obtained on recrystallization from CH2Cl2. The CPMAS 13C NMR spectrum of the crystalline sample 
was very similar to its solution spectrum, indicating that there was no difference in the structure of the cation in the two phases. 
The crystal structure of 5 was determined by using X-ray diffraction. The cation has adopted an open conformation which 
was predicted by Haddon, with a large C1, C7 intemuclear distance (2.284 (5) A). A more detailed examination of the structure 
of 5 shows that the cation can best be regarded as a linear 1-ethoxyoctatrienyl cation and that on structural grounds this cation 
cannot be regarded as being homoaromatic. This conclusion is at odds with the NMR evidence and points to the need for 
caution in the use of the latter techniques as a criterion of homoaromaticity. 

A major thrust of our current work has been the attempt to 
define more precisely the importance of homoaromaticity in 
medium ring cations such as the homotropylium ion, I.2 To do 

this we have used a combination of structure determinations using 
X-ray crystallography,3 thermochemical measurements,4 and both 
solution and solid-state NMR spectroscopy. In this latter area 
we have carried out a detailed analysis of the ring current criterion 
of homoaromaticity for some homotropylium cations and have 
shown that the large chemical shift difference of the exo and endo 
protons of the bridging methylene group of these ions is consistent 
with the presence of an induced ring current.5 The conclusion 
reached from this multifaceted approach to a more rigorous 
definition of homaromaticity is that the original homoaromatic 
formulation of the structure of the 2-hydroxyhomotropylium 
cation, 2, is correct.6,2 The question arises as to how general is 
this conclusion. 

Haddon, in a detailed theoretical investigation of the homo
tropylium cation, has concluded that there are two minima on the 
potential energy surface.7 The lowest energy of these, which 
corresponds closely to the structure found experimentally for 2, 
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Scheme I 

€/— C/— Qf- Cf 
has a calculated homoconjugate intemuclear distance of 1.621 
A (MINDO-3). The second unsuspected energy minimum, which 
occurs along the pathway for the ring inversion process of the 
homotropylium cation,8 was calculated to be some 6-10 kcal/mol 
less stable than the former conformation. The major distinguishing 
structural feature of this second conformation is the very long 
C11C7 homoconjugate distance of 2.303 A. 

There are only two reported structure determinations of po
tential homotropylium cations. The first is 2, mentioned above, 
and the second is the bridged annulene 3 reported by Simonetta 
et al. ' This latter cation with a very long homoconjugate in
temuclear distance of 2.229 A can formally be thought of as 
corresponding to the second, open conformation predicted by 
Haddon. However, this ion is also an annulenium cation with a 
10 ir-electron periphery and as such it is not clear how typical 
this structure is in terms of simpler homotropylium ions lacking 
the second carbon bridge.10 

The relative energies of the two conformations of the homo
tropylium cation should depend on the position and nature of any 
substituents.7 This is readily apparent from a consideration of 
the resonance structures of the homotropylium cation, Scheme 
I. Electron donor groups at C1, C3, C5, and C7 should favor the 
cyclooctatrienylium resonance structures as positive charge is 
maximized at these carbons in the open form of the cation. 
Conversely, donor substituents at C2, C4, and C6 would be most 
effective in stabilizing the cation when it is in the closed bicy-
clo[5.1.0]octadienyl form. Substituents at C8 might be expected 

(8) Winstein, S.; Kreiter, C. L.; Bravmaz, J. I. / . Am. Chem. Soc. 1966, 
88, 2047-2048. 
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to have a similar effect on the structure of a homotropylium cation 
to those reported for the cycloheptatriene/norcaradiene and 
bridged annulene systems.11 

In principle, in view of the relatively small energy difference 
between the two conformations, it should be possible by the ap
propriate placement of substituents to invert their relative energies 
so that the open form becomes the lowest energy and preferred 
conformation. Such a proposal is open to direct experimental test 
by preparing a stable derivative of 1 with an electron-donating 
substituent at C1, or the related carbons, and to determine the 
structure of such a system directly. In an attempt to do this we 
selected the 1-ethoxyhomotropylium cation as both a likely can
didate and also a cation which was relatively easy to prepare. We 
report here the results of this study and indeed show that it is 
possible to prepare a simple homotropylium cation which has an 
open conformation. 

Results and Discussion 
Preparation and Characterization of the 1-Ethoxyhomotropytium 

Cation. Reaction of cyclooctatrienone, 4, with Et3O
+SbCl6" in 

CH2Cl2 led to the formation of 5. The stable salt was isolated 
as a solid and was fully characterized spectroscopically and by 
elemental analysis. It was recrystallized from CH2Cl2 to give 
single crystals that were suitable for X-ray diffraction studies. 

LA, m 
sbci; 

X)CH2CH3 

The 1H NMR spectral data of solutions of 5 are given in Table 
I. At 250 MHz most of the proton resonances of 5 were resolved 
and it was possible to obtain the proton/proton coupling constants. 
One feature of the spectrum is the magnetic inequivalence of the 
two methylene protons of the ethoxy group which gives rise to 
an ABX3 pattern for the ethyl protons. A further aspect of the 
1H NMR spectrum of 5 is the chemical shift difference (3.12 ppm) 
between the C8 exo and endo protons. This difference is com
parable in magnitude to that found for 2 (3.10 ppm).3 

13C NMR spectra of 5 were obtained both in solution and in 
the solid state by using CPMAS techniques. As can be seen from 
the data in Table H, the positions of all the resonances of 5 are 
very similar in both the solution and the solid-state spectra. The 
maximum difference that exists is a little more than 5 ppm for 
the CH3 resonance, and in most instances the agreement is much 
closer than this. Clearly, there is a very close similarity of 5 in 
the two phases, and it is unlikely that there are any major 
structural differences in the cation in the solid phase as compared 
to solution. 

Comparison of the data given in Tables I and II for 5 and the 
corresponding hydroxy and methoxy cations 6 and 7, respectively, 
indicates that these ions are very similar spectroscopically.12'13 It 
would seem likely that the properties and structures of these ions 
will also be similar. 

OCH, 

The structure of 5 was determined as outlined in the Experi
mental Section, Figure 1. Atomic positional parameters and 

(11) Hoffman, R. Tetrahedron Lett. 1970, 2907-2909. Gflnther, H. 
Tetrahedron Lett. 1970, 5173-5176. Takahashi, K.; Takase, K.; Toda, H. 
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(12) Brookhart, M.; Ogliavaso, M.; Winstein, S. J. Am. Chem. Soc. 1967, 
89, 1965-1966. 

(13) Brookhart, M. S.; Atwater, M. A. M. Tetrahedron Lett. 1972, 
4399-4402. 

Figure 1, Structure of 1-ethoxyhomotropylium cation. 

3,5 2,6 

Figure 2. (a) Conformation of 1-ethoxyhomotropylium cation (inter-
planar angles), (b) Conformation calculated by Haddon for the second 
higher energy form (interplanar angles). 

temperature factors are given in Table III, and key interatomic 
distances and angles are summarized in Table IV. Before the 
structure of 5 is examined in detail, it is important to look for any 
specific cation-anion interactions which could lead to possible 
geometric distortions. As was already indicated above, this was 
not expected on the basis of the 13C NMR evidence and indeed 
no carbon/chlorine contacts were found with an internuclear 
distance of less than 3.5 A. There were some hydrogen/chlorine 
contacts which were just below 3.0 A, particularly with the hy
drogens of the ethyl group, but overall there is no reason to suspect 
that the structure of the cationic portion of 5 should be perturbed 
by the presence of the anion. 

The conformation of 5 is shown in Figure 2a. The eight ring 
carbons can be broken down into a series of planes: 1, C178; 2, 
C12,6,7; 3, C2,3,5,6; and 4, C345. Plane 3 shows the maximum 
deviation of carbons from a plane with an average deviation of 
0.047 A. The angles formed between these planes are shown in 
Figure 2a, and for comparison, the conformation calculated by 
Haddon of the second, higher energy form is also shown, Figure 
2b. The agreement between the two is remarkable. It is worth 
noting that the angles formed between the various planes in cation 
5 are similar to those encountered in the 2-hydroxyhomotropylium 
cation,3 and this would seem to be a general shape for these cations. 

The structural feature of 5 which stands out immediately on 
examination of the various internuclear distances is the long C^C7 
distance of 2.284 (5) A. This is very much greater than the 
comparable internuclear distance of the 2-hydroxyhomotropylium 
cation and directly comparable to the value calculated by Haddon 
for the second open form of the homotropylium cation. It is clear 
that the presence of an ethoxy group on C1 of the homotropylium 
ring is sufficient to tip the balance between the two conformations 
and make the open form the lowest in energy. 

In terms of a more detailed look at the structure of 5, it is 
apparent that there is a progressively increasing bond alternation 
present on proceeding from C1 around the unsaturated portion 
of the ring. In fact, the C5,C6 and C6,C7 bond distances in 5,1.429 
(7) and 1.337 (5) A, respectively, are the same as those normally 
encountered for single and double bonds in polyenes14 or polye-

(14) For example, the single and double bond distances in 1,3-cyclo-
hexadiene are 1.468 and 1.339 A, respectively: Dallinga, G.; Toneman, L. 
H. J. MoI. Struct. 1968, 1, 11-23. 
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Table III. Atomic Positional Parameters and Temperature Factors 
(A2) 

atom 

C(I) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
O 
Sb 
Cl(I) 
Cl(2) 
Cl(3) 
Cl(4) 
Cl(5) 
Cl(6) 

104x 

3286 (3) 
3220 (4) 
3014 (4) 
2387 (5) 
1420 (5) 
917 (5) 
1688 (5) 
3266 (4) 
3197 (5) 
3132 (5) 
3409 (3) 
2273.6 (2) 
2933 (1) 
4179 (1) 
3807 (1) 
1668 (1) 
760 (1) 
415(1) 

104V 

-2295 (3) 
-3236 (3) 
-4263 (3) 
-4719 (3) 
-4304 (4) 
-3220 (4) 
-2318 (3) 
-2328 (3) 
-1132(3) 

61(3) 
-1337 (2) 
1498.3 (2) 
2077 (1) 
242 (1) 
2803 (1) 
901 (1) 
177 (1) 

2769 (1) 

104z 

5064 (3) 
4503 (3) 
4768 (3) 
5449 (3) 
5861 (3) 
5861 (3) 
5934 (3) 
6088 (3) 
3704 (3) 
3574 (4) 
4747 (2) 
7166.8 (1) 
8809 (1) 
7606 (1) 
6808 (1) 
5548 (1) 
7502 (1) 
6786 (1) 

103CZ81 

28 (2) 
30(2) 
35(2) 
39(2) 
43(2) 
46(2) 
39(2) 
34(2) 
36(2) 
41(2) 
33(2) 
20.6 (1) 
31.8 (4) 
31.8 (4) 
32.8 (4) 
43.6 (5) 
38.1 (4) 
44.9 (4) 

"£/«, - V s M l + Vn + Un + Wn COS 0). 

nones,15 suggesting that the Q1C7 bond is not significantly involved 
in the delocalization of the positive charge in the system. In this 
regard it is interesting to examine the various torsional angles 
between adjacent C(sp2)-C(sp2) bonds around the seven basal 
carbons of 5. With one exception, these torsional angles are 
relatively small (<23°) and should not interfere with ?r-delo-
calization. The exception is the C45-C67 torsion angle for which 
a value of 38.9° is found. This approaches the 45-55° torsion 
angle limit to effective ir-delocalization which has been found in 
the bridged annulenes.16 This relatively large value of the C45-C67 
torsion angle reinforces the suggestion made above that the C6,C7 
double bond is not extensively involved in the delocalization of 
the positive charge. 

The suggestion that the structure of the unsaturated part of 
5 can be best regarded as an 1-ethoxydienyl or twisted trienyl 
cation raises the question as to how it compares with other com
parable linear cations. Unfortunately, at this point we know of 
no other reported structure determination of a 1-alkoxy- or hy-
droxy-substituted trienyl or dienyl cation which could serve as an 
example. There have been many theoretical studies of the 
structure of protonated carbonyl compounds, but most of these 
have involved relatively simple systems,17 and there is a marked 
lack of detailed calculations on protonated polyenones. 

While there is a lack of direct structural information for pro
tonated polyenones, from other types of less direct evidence there 
is reason to expect increased bond alternation on proceeding away 
from the alkoxy or hydroxy substituent. For example, it is 
well-known that there is a fall off in the effectiveness of increased 
conjugation in stabilizing a protonated carbonyl compound as the 
unsaturated chain is extended. This shows up in the acidities of 
the conjugate acids of the carbonyl compounds18 and also in their 
related heats of protonation.4'" Similarly, NMR studies on 
protonated polyenones suggest that while the greatest fraction of 
the positive charge resides on the odd-numbered carbons, the 
fraction of this charge on any carbon diminishes with distance 
from the carbonyl.20 It would seem likely that these diminishing 
effects of extending the conjugation would be reflected in the 
structures of alkoxy and hydroxy carbenium ions. 

(15) For example, the comparable bonds in all froas-retinal have distances 
of 1.460 and 1.336 A, respectively: Hamanaka, T.; Mitsui, T.; Ashida, T.; 
Kakudo, M. Acta Crystallogr. 1972, 28, 214-222. 

(16) Vogel, E.; Deger, H. M.; Hebel, P.; Lex, J. Angew. Chem., Int. Ed. 
Engl. 1980, 19, 919-921. Vogel, E. Pure Appl. Chem. 1971, 28, 355-377. 
Simonetta, M. Pure Appl. Chem. 1980, 1597-1610. 

(17) Cremer, D.; Gauss, J.; Childs, R. F.; Blackburn, C. / . Am. Chem. Soc. 
1985, 107, 2435-2441. Blackburn, C; Childs, R. F.; Cremer, D.; Gauss, J. 
J. Am. Chem. Soc. 1985, 107, 2442-2448. 

(18) Zalewski, R. I.; Dunn, G. E. Can. J. Chem. 1970, 48, 2538-2548. 
(19) Arnett, E. M.; Quirk, R. P.; Larsen, J. W. / . Am. Chem. Soc. 1970, 

92, 3977-3984. Arnett, E. M.; Quirk, R. P.; Burke, J. J. J. Am. Chem. Soc. 
1970, 92, 1260-1266. 

(20) Cornelis, A.; Laszlo, P. J. Org. Magn. Reson. 1973, 5, 99-100. 
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Table IV. Selected Interatomic Distances (A) and Angles (deg) 
C(l)-C(2) 
C(4)-C(5) 
C(7)-C(8) 
C(I) -O 
Sb-Cl(I) 
Sb-Cl(4) 

C(S)-C(I )-C(2) 
C(7)-C(l)-C(8) 
C(l)-C(2)-C(3) 
C(4)-C(5)-C(6) 
C(6)-C(7)-C(l) 
C( l ) -0-C(9) 
Cl(l)-Sb-Cl(3) 
Cl(l)-Sb-Cl(6) 
Cl(2)-Sb-Cl(5) 
Cl(3)-Sb-Cl(5) 
Cl(4)-Sb-Cl(6) 

1.407 (5) 
1.364(6) 
1.506(6) 
1.289 (4) 
2.365 (1) 
2.346 (1) 

122.4 (3) 
40.5 (2) 

126.8 (3) 
129.8 (3) 
115.8 (3) 
121.2 (3) 
90.3 (1) 
89.8 (1) 
89.5 (1) 

178.9(1) 
91.5(1) 

C(2)-C(3) 
C(5)-C(6) 
C(8)-C(l) 
O-C(a) 
Sb-Cl(2) 
Sb-Cl(5) 

C(7)-C(l)-C(2) 
0-C( l ) -C(8) 
C(2)-C(3)-C(4) 
C(5)-C(6)-C(7) 
C(8)-C(7)-C(l) 
O-C(9)-C(10) 
Cl(l)-Sb-Cl(4) 
Cl(2)-Sb-Cl(3) 
Cl(2)-Sb-Cl(6) 
Cl(3)-Sb-Cl(6) 
Cl(5)-Sb-Cl(6) 

If indeed the structure of 5 can be best regarded as a 1-eth-
oxytrienyl system, this is tantamount to saying that from a 
structural perspective, 5 is not cyclically delocalized. Other 
features of the structure support this view. The very long CbC7 
internuclear distance indicates that any bonding between these 
carbons will be very weak. In terms of a bond order, this in
ternuclear distance corresponds to a value of ca. 0.1221 and 
corresponds quite closely to the estimated bond orders of the 
comparable bonds in cycloheptatrienes.22 Bader et al.23 in their 
analysis of the closed conformation of the homotropylium cation 
using the topological theory of molecular structure concluded that 
the homoaromatic bond between C1 and C7 is labile as a result 
of its low bond order, substantial ellipticity, and proximity of the 
ring and bond critical points. Thus while at the relatively short 
C11C7 distance corresponding to those found for 2 (1.626 A) there 
is a characterizable bond between these two carbons, no bond exists 
at a distance of 2.3 A corresponding to that found here for 5. 

The C11C81C7 bond angle in 5 is 101.1 (0.6)°. This is smaller 
than the tetrahedral angle, suggesting perhaps that there is a 
bonding interaction between C1 and C7. However, if this were 
so then it would be expected that C1 and C7 would both be dis
torted from a trigonal geometry. This is not the case for Ci since 
this atom lies exactly in the plane defined by C8, C2, and O. 
Similarly, within the error limits of the positions of the various 
atoms, C7 lies within a plane defined by C6, C8, and H7. The 101° 
bond angle at C8 and the planarity of the "bridging" carbons C1 
and C7 mean that the interaction formally involves two p lobes 
on these carbons, the axes of which intersect at an angle of 80.3° 
to each other, 1.77 A from each carbon. With this spatial ar
rangement of C1 and C7, any interaction between these two carbons 
will be very weak. 

One question which arises is how much charge in cation 5 is 
located on the oxygen substituent, particularly as it was necessary 
to place an electron-donating substituent on the ring in order to 
obtain this open conformation of the homotropylium ring? One 
point to note is that the C1O bond distance of 1.289 (9) A is 
considerably longer than a regular C=O bond distance, and this 
would point to there being a substantial transfer of the positive 
charge onto the ring carbons. The bond distance found here seems 
to be fairly typical of the value found in the limited number of 
other protonated or alkylated carbonyl compounds whose struc
tures have been determined.24 

Further Consideration of the NMR Spectra of 5. The most 
widely used criterion of homoaromaticity is an analysis of the 1H 
NMR spectrum of a species in question, and most frequently this 

(21) Brown, I. D. Structure and Bonding in Crystals; Academic: New 
York, 1981; Vol. 2, pp 1-29. 

(22) Herndon, W. C; Parkanji, C. Tetrahedron 1982, 38, 2551-2557. 
(23) Cremer, D.; Kraka, E.; Slee, T. S.; Bader, R. F. W.; Lau, C. D. H.; 

Nguyen, T. T.; McDougall, P. J. J. Am. Chem. Soc. 1983, 105, 5069-5075. 
(24) Childs, R. F.; Mahendran, M.; Zweep, S. D.; Shaw, G. S.; Chadda, 

S. K.; Burke, N. A. D.; George, B. E.; Faggiani, R.; Lock, C. J. L. Pure Appl. 
Chem., in press. Sundaralingam, M.; Chwang, A. K. Carbonium Ions 1976, 
5, im-Ulb. 

Childs et al. 

1.359 (5) 
1.429 (7) 
1.480 (5) 
1.474(5) 
2.377 (1) 
2.357 (1) 

112.4(3) 
114.1 (3) 
131.4(3) 
126.3 (4) 
39.7 (2) 

106.7 (3) 
178.7 (1) 
89.9 (1) 

178.0(1) 
89.9 (1) 
90.8 (1) 

C(3)-C(4) 
C(6)-C(7) 
C( l ) -C(7) 
C(9)-C(10) 
Sb-Cl(3) 
Sb-Cl(6) 

0-C( l ) -C(2) 
0 - C ( l ) - C ( 7 ) 
C(3)-C(4)-C(5) 
C(6)-C(7)-C(8) 
C(l)-C(8)-C(7) 
Cl(l)-Sb-Cl(2) 
Cl(l)-Sb-Cl(5) 
Cl(2)-Sb-Cl(4) 
Cl(3)-Sb-Cl(4) 
Cl(4)-Sb-Cl(5) 

1.420 (5) 
1.337 (5) 
2.284 (5) 
1.487 (6) 
2.370(1) 
2.354(1) 

123.5 (3) 
111.0 (2) 
130.8 (3) 
123.0(3) 
99.8 (3) 
88.3 (1) 
90.6 (1) 
90.4 (1) 
89.5 (1) 
89.6 (1) 

analysis comes down to an examination of the chemical shift 
difference of the exo and endo protons of the methylene bridge. 
In the case of 5 this difference is fairly large, 3.12 ppm, and as 
has been shown for 2, which has a comparable conformation and 
chemical shift difference,3'5 this difference would suggest that 5 
sustains an induced diamagnetic ring current. This observed 
chemical shift difference for the methylene protons in 5 is larger 
than can be accounted for in the absence of a ring current.3 

It is informative to compare the NMR spectra of 5 with those 
of the linear protonated trienal 8.25 With the exception of H7, 
all the ring proton resonances of 5 are shifted further downfield 
than those of 8. There is, however, a similarity in the pattern 

of the shifts, with the odd-numbered proton resonances being 
further downfield than those of the even-numbered protons. 
Moreover, there is a steady progression in the magnitude of the 
downfield shifts of these odd-numbered protons, with H3 being 
shifted the furthest downfield. The largest difference in the 1H 
NMR spectra of 5 and 8 is in the positions of the resonances of 
H7. In 5 the H7 resonance is more than 1 ppm further upfield 
than the comparable resonance of 8. This might be regarded as 
evidence for bridging between C1 and C7, with these carbons 
having a hybridization somewhere between sp2 and sp3 and the 
C-H bonds of these atoms thus having a higher p character than 
those of a completely trigonal carbon. This is not the case, 
however, for 5, as was shown above, and the upfield shift as 
compared to 8 is due either to the limited conjugation of the C61C7 
bond with the rest of the charged unsaturated system or to the 
positioning of this proton with respect to an induced ring current. 
Overall, the NMR spectra of 5 are consistent with the ion having 
the open conformation found here but which, nevertheless, sustains 
an induced ring current. Structurally, however, this interaction 
is not apparent, and this raises the question of whether there is 
other evidence to support the homoaromatic formulation. 

Some thermochemical studies have been reported for the 
corresponding 1-hydroxyhomotropylium cation, 6, and these would 
seem to indicate that there is little thermodynamic reason to 
suggest that there is a significant resonance stabilization of 6 
resulting from cyclic derealization. Thus the 8,8-dimethyl de
rivative of 6 was found to be thermodynamically less stable than 
the comparable derivative of 2 by ca. 1 kcal/mol.26 The heat 
of transfer of cyclooctatrienone into FSO3H would seem to be 
typical of that expected for a trienone and did not exhibit any 
anomaly which could be attributed to homoaromatic stabilization.4 

These thermochemical results are consistent with the conclusions 

(25) Childs, R. F.; Shaw, G. S.; Krepinsky, J.; Gupta, I.; Yates, P., un
published results. 

(26) Childs, R. F.; Varadarajan, A. Can. J. Chem. 1981, 59, 3252-3255. 
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Table V. Crystal Data 

compd 
fw 
cryst shape, size near cube 

(mm) 
systematic absences 
space group 
unit cell 

a, A 
A1A 
c,A 
0, deg 

vol, A3 

Z 
temp, 0C 
p calcd, g cm"3 

linear abs coeff, cm"1 

reflctns collected, max 28 
std reflctn, esd % 
no. of reflctns measd 
no. of independent reflctns 
R merg. 
no. with / > 0, used 
final R1, R1" 
final shift error max, av 
x (secondary extinctn) 
final difference map, max, 

min, e A"3 

weighting scheme 
error in an observtn of unit 

Wt 

[C7H8OC2H5I+[SbCU"], C10H13Cl6OSb 
483.7 
0.30 X 0.30 X 0.35 

hOl, I = 2n + 1,OiW), k = 2n + I 
P2Jc(no. 14) 

9.864 (2) 
12.370 (2) 
14.386 (3) 
107.15 (1) 
1677.3 (5) 
4 
-67 
1.915 
25.9 
h,k,±I, 65° 
1 7 1,0.9;-3 0 - 6 , 0.9 
6665 
5651 
0.018 
5200 
0.052, 0.043 
0.178, 0.020 
0.000 59 
0.96, -0.93 

u) = (<rF
2 + 0.000359F0

2)"1 

1.162 

'R1 = (SIIF0I - |FC||/S|F0|; R2 = [Su(IF0I - |Fc|)
2/So>F0

2]'/2. 

reached on the basis of the structure of 5 that this cation is not 
homoaromatic. 

In conclusion, it is quite clear from these results that we have 
succeeded in inverting the relative energies of the two confor
mations of the homotropylium ring and that Haddon's prediction 
of a second energy minimum is quite correct. However, there is 
no apparent need to invoke a homoconjugative interaction between 
C1 and C7 of 5 in order to account for its observed structure or 
indeed thermochemistry, and rather, the structure would seem 
to correspond with an ethoxy-substituted dienyl or twisted trienyl 
cation. As far as the structure of 5 is concerned, it is very hard 
to justify designating this cation as homoaromatic. On the other 
hand, the NMR spectrum of 5 can be understood best in terms 
of an induced ring current. Haddon has shown that resonance 
energies and ring currents are related for at least the annulenes;27 

however, it would seem that such a relationship does not hold in 
this present case and that in view of the structural information 
now available for 5 the magnetic criteria alone are insufficient 
to classify a molecule or ion as being homoaromatic. Instead we 
suggest that molecules or ions which exhibit an induced dia-
magnetic ring current but do not have structural or thermo-
chemical properties consistent with a homoaromatic designation 
continue to be designated as being diatropic.28 The 7-substituted 
cycloheptatrienes are another group of molecules which fall into 
the same category, being diatropic but not homoaromatic.29 

Two further general observations can be made. First, the 
barriers to ring inversion of the known 1-substituted homo
tropylium cations are all comparable in magnitude. This would 
suggest that they all have similar structures corresponding to the 
open conformation found here for 5. Second, it is interesting to 
note the relationship of 5 to the related bridged annulenium cation 
3 and indeed the wider range of bridged annulenes whose struc-

(27) Haddon, R. C. J. Am. Chem. Soc. 1979, 101, 1722-1728. 
(28) Garrett, P. J. Aromaticity; McGraw-Hill: Maidenhead, England, 

1971; p 178. 
(29) Childs, R. F.; Pikulik, I. Can. J. Chem. 1977, 55, 259-265. 

tures have been determined. For example, in the case of 3 it has 
been concluded that the homoconjugative interaction is small and 
only has a small effect on the structure of the cation.9,10 It was 
possible to understand the NMR spectrum of 3 in terms of the 
larger annulene-type electron delocalization and in particular to 
account for the positions of the bridging methylene protons on 
this basis.30 In this present case of 5, such a large ring current 
is not possible, yet there is still an induced ring current. It would 
seem that further studies of homotropylium cations will be in
formative in terms of the origin of the spectral shifts in bridged 
annulenes. 

Experimental Section 
Solution NMR spectra were obtained by using Bruker WP80 and 

WM250 instruments. 13C CPMAS spectra of the solid salt were obtained 
at 50.3 MHz on a Bruker CXP200 spectrometer. All solvents were 
distilled from P2O5 before use. 

1-Ethoxyhomotropylium Hexachloroantimonate (5). A solution of 
triethyloxonium hexachloroantimonate (2.4 g, 5.5 mmol) in dichloro-
methane (15 mL) was added dropwise to a solution of cycloocta-2,4,6-
trienone31 (600 mg, 5 mmol) under dry nitrogen atmosphere. The re
action mixture was allowed to stand at room temperature for 2 h, and 
the precipitated salt 5 was filtered. The salt was recrystallized from 
CH2Cl2 at -20 0C: 1.60 g, 43.8%, mp 103-104 6C. Anal. Calcd for 
C10H13OSbCl6: C, 24.78; H, 2.71. Found: C, 25.00; H, 2.74. 

Collection of the Crystal Data. A pale-yellow, near cubic crystal was 
sealed in a Lindemann tube and used for data collection. Precession 
photographs showed that the crystal was monoclinic, and unit cell pa
rameters were obtained from a least-squares fit of x, <t>, and 28 for 15 
reflections for the compound in the range 21° < 28 < 28° recorded on 
a Syntex P2 diffractometer with use of graphite-monochromated Mo Ka 
radiation (X = 0.71069 A) at low temperature. Crystal data and other 
numbers related to data collection are given in Table V. The density 
was not determined because of the air instability of the crystals. Inten
sities were also recorded on the Syntex P2 diffractometer at low tem
perature with a coupled 0(crystal)-20(counter) scan. The methods of 
selection of scan rates and initial data treatment have been described.32'33 

Corrections were made for Lorentz-polarization effects but not absorp
tion. This will introduce a maximum error in F0 of <10%. 

Solution of the Structure. The coordinates of the antimony atom were 
found from a three-dimensional Patterson synthesis, and a series of 
full-matrix least-squares refinements followed by three-dimensional 
electron density synthesis revealed all the atoms. At this stage the tem
perature factors of all non-hydrogen atoms were made anisotropic, and 
further full-matrix least-squares refinement, which minimized L^CÎ ol 
- |F0|)

2, was terminated when the maximum shift/error was less than 0.2. 
Corrections were made for secondary extinction by the method in 
SHELX.34 Throughout the refinement the scattering curves were from 
ref 35, and anomalous dispersion corrections from ref 36 were applied 
to the curves for Sb and Cl. The atom parameters for non-hydrogen 
atoms are listed in Table III. 

Supplementary Material Available: Anisotropic temperature 
factors, hydrogen atom positional parameters, bond lengths and 
angles involving hydrogen atoms, and F0 and F0 values (32 pages). 
Ordering information given on any current masthead page. 

(30) Haddon9 has shown that the charge densities of 3 are apparently 
determined by 1-6 homointeraction.10 

(31) Cope, A. C; Tiffany, B. D. J. Am. Chem. Soc. 1951, 73,4158-4161. 
(32) Hughes, R. P.; Krishanamachari, N.; Lock, C. J. L.; Powell, J.; 

Turner, G. Inorg. Chem. 1977, 16, 314. 
(33) Lippert, B.; Lock, C. J. L.; Rosenberg, B.; Zvagulis, M. Inorg. Chem. 

1977, 16, 1525. 
(34) All computations were carried out on CYBER 170/730 or 815 com

puter. Programs used for initial data treatment were from the XRAY 76 
package (Stewart, J. M. Technical Report TR-446, 1976; University of Ma
ryland: College Park). The structure was solved with SHELX (Sheldrick, G. 
M. SHELX Program, 1976; Cambridge University: Cambridge, England). 
Planes were calculated by using NRC-22 (Ahmed, F. R.; Pippy, M. E. 
NRC-22 Technique, 1978; National Research Council of Canada: Ottawa, 
Canada). Diagrams were prepared from ORTEP Il (Johnson, C. K. Report 
ORNL-5138, 1976; Oak Ridge National Laboratory: Oak Ridge, TN). 

(35) Cromer, D. T.; Waber, J. T. International Tables for X-ray Crys
tallography; Ibers, J. A., Hamilton, W. C, Eds.; Kynoch: Birmingham, 
England, 1974; Vol. IV, Table 2.2A, p 72 ff. 

(36) Cromer, D. T. Reference 35, Table 2.3.1, pp 149-150. 


