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Abstract: The reaction of SbFs (2.5 mol equiv) with either 9-thiabicyclo[4.2.1]nona-2,4,7-triene 9,9-dioxide (6) or 9-thiabar-
baralane 9,9-dioxide (7) in liquid sulfur dioxide solution produces the identical endo homotropylium-8-sulfinate complex 10.
Upon warming to room temperature, stereochemical inversion of 10 to give the corresponding exo isomer takes place. Dideu-
teration of 6 at its exchangeable sites and treatment as above provide the 3,8-d, homotropylium species. Starting with 7-
1,5-d>, the symmetrical 4,8-d zwitterion was obtained. Thermal equilibrium in both instances leads to exo-8-sulfinate com-
plexes without alteration in the original ring deuterium positions. These findings rule out the operation of a [1,6] suprafacial
circumambulatory migration. Rather, conformational ring inversion likely proceeds by passage through a planar, classical
cyclooctatrienyl cation, a conclusion further supported by the behavior of monomethyl ion 20. The selectivity noted during
ring opening of 1-methyl-9-thiabicyclo[4.2.1]nona-2,4,7-triene 9,9-dioxide is noteworthy. Zwitterion 23 which is formed by
SbFs-promoted ionization of 22 does not experience formal epimerization at Cg. This finding, together with the discovery
that 29 has no homoaromatic character but is rather a classical bicyclic structure, points up the striking effect caused by a

4-methyl group.

Studies of protonation reactions of cyclooctatetraene (1)
and a number of its derivatives have played an important
role in the development of our understanding of homotropy-
lium ions. The 'H NMR spectrum of this CsHg* cation,
which can be generated merely by dissolving 1 in concen-
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trated sulfuric acid,' displays a series of signals in the ratio
of 5:2:1:1, the chemical shifts of which are consistent with a
delocalized structure enjoying considerable levels of 1,7-
orbital interaction.!? The attendant ring current in 2 ap-
pears chiefly responsible for the large difference in
shielding observed for Hgendo and Hgexo. In an investigation
aimed at elucidation of the rate of ring inversion in 2, Win-
stein, Kreiter, and Brauman noted that treatment of 1 with
D>SO04 at —15° resulted in positioning of the incoming deu-
terium at Hgengo to a level of ca. 80%.3 On the basis of more
recent investigations, it now appears that electrophilic addi-
tions to cyclooctatetraene generally proceed with high stere-
oselectivity from inside the “tub” to initially form endo-8-
substituted homotropylium ions. In those cases where bipar-
ticulate electrophiles* have been employed, subsequent re-
action is seen to involve bonding of the counteranion at C,
from that direction syn to the Cg bridge (cf. 3).° In con-
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trast, uniparticulate electrophilic additions to 1 are ob-
served to proceed by intramolecular charge annihilation uti-
lizing C; bonding schemes as in 4.6

Because alternative pathways for charge neutralization
in 3 or 4 had not been observed, the tacit assumption which
has prevailed is that these homotropylium intermediates are
both more stable’ and more reactive than their classical
counterparts having a relatively fully formed cyclopropane
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ring as in 5. Recent findings in this laboratory now show the
earlier tests to be incomplete and point up the feasibility of
kinetically controlled cyclizations involving 5.7 Thus,
SbFs-promoted reaction of cyclooctatetraene with liquid
sulfur dioxide results not only in the formation of 6 but also
in the production of 9-thiabarbaralane 9,9-dioxide (7).2
This unprecedented 1,5-cycloaddition provides the most di-
rect route to a 9-heterobarbaralane yet uncovered.'?

In this paper, we describe a detailed '"H NMR study of
the reverse process, viz., the SbFs-induced ring opening re-
actions of 6 and 7 in SO, solution. The existing capability
for conversion of 6 and 7 to their mono- and dianions'! has
also permitted examination of suitable deuterium and
methyl substituted derivatives of these sulfones. Evidence is
presented that 6 and 7 do comprise suitable precursors to
the same endo homotropylium-8-sulfinate cation complex
at low temperatures, that 8-endo-8-exo interchange occurs
upon warming, and that possible degenerate scrambling of
these homotropylium ions is inoperative.'? Perhaps most
striking are the consequences of alkyl substitution in both 6
and 7 as it affects the attainment of homoaromatic charac-
ter and the facility of bridge flipping.

ha

Results

The Parent Sulfones. Addition of >2 equiv of SbFs'3 toa
cold (—=50°) SO, solution of 6 gave an NMR spectrum
(Figure 1) comprising two sets of multiplets at 6 7.95-9.0 (§
H) and 6.10-6.75 (3 H) which bear great similarity to
those seen in the downfield sector of 2 [6 8.47 (5 H), 6.42 (2
H), 5.10 (1 H), and —0.67 (1 H)].?2 These features, taken
together with the apparent downfield shifting of Hgexo and
the absence of a signal due to a highly shielded bridge pro-
ton, correspond with those expected of homotropylium ion
10. Comparable treatment of 7 afforded the identical spec-
trum. When such solutions were neutralized without giving
careful attention to those conditions needed to isolate 77
the bicyclic sulfone was readily isolated and only trace
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Figure 1. '"H NMR spectra (60 MHz) of: (top) the endo-8-homotropy-
liumsulfinate complex 10 in SO, at —50°; (bottom) the epimeric exo
complex 11 recorded under identical conditions.
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amounts of the thiabarbaralane dioxide were found. Evi-
dently, the formation of 6 is thermodynamically favored.

After either of these SO; solutions was allowed to remain
at room temperature for | hr and the proton NMR redeter-
mined at —50°, comparable spectral alteration was evi-
denced. As illustrated in Figure 1, a diminution in intensity
of the 8 6.47 signal (2 H) is accompanied by the appearance
of an upfield triplet (J = 8.8 Hz) of area | at 1.12. The lat-
ter peak can be ascribed to Hgengo in 11, the Ad in the
10-11 pair amounting to approximately 5.3 ppm in agree-
ment with the value of 5.7 found for the 8-chlorohomotro-
pylium ion epimers.'* The H,-H; absorption regions con-
form in their shifts to values expected for maintenance of a
homoaromatic ring current in 11. Although these findings
reveal that Cg can experience stereochemical inversion rela-
tive to the seven quasi-planar tropylium positions, they do
not provide data adequate to unveil the nature of this rear-
rangement.

Results of Dideuteration. The thermal isomerization of 10
to 11 requires temporary interruption of homoaromatic sta-
bilization. Such endo-exo scrambling of the bridged meth-
ylene positions could be the direct result of inversion
through a virtually planar classical cyclooctatrieny! cation’
or of ring circumambulation, the latter process requiring for
reasons of orbital symmetry conservation an interchange of
the 8-endo and 8-exo hydrogens at each suprafacial
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Figure 2. "H NMR spectra (60 MHz) of: (top) the endo-8-homotropy-
lium-3.8-d;-sulfinate complex 14 in SO, at —53°: (bottom) the epim-
eric exo complex 16 recorded under identical conditions.

step.'>!¢ From their examination of homotropylium-4-d
and 8-exo-carbethoxyhomotropylium-2-d,, Berson and
Jenkins concluded the most likely mechanism for epimeri-
zation at Cg to be conformational isomerization, ring cir-
cumambulation apparently requiring in excess of 26 kcal/
mol.12

Species 10 is distinguished from other known homotropy-
lium ions by the fact that it contains an exceedingly bulky
8-endo substituent which is obviously not in the thermody-
namically favored orientation. Equilibration to the exo iso-
mer is particularly favorable, but the relative importance of
the two possible mechanisms for configurational inversion
remained to be assessed. To this end, two dideuterated de-
rivatives of 10 have been prepared and subjected to variable
temperature NMR scrutiny.

The '"H NMR spectra of 12 and 13 in SO, containing 2.5
equiv of SbFs at —53° provide evidence for generation of
the homotropylium complexes 14 (Figure 2) and 15 (Figure
3), respectively. Hgexo deuteration in both species is re-
vealed clearly by the appearance of the signals due to H;
and Hy as clean doublets as the result of residual spin-spin
interaction with H, and He. That 14 and 15 possess differ-
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ing arrangements of ring deuterlum labehng also does not
escape notice. The diminution in intensity of the lower half
of the 6 8.0-9.0 multiplet in 14 provides indication that Hj
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Figure 3. 'H NMR spectra (60 MHz) of: (top) the endo-8-homotropy-
lium-4,8-d>-sulfinate complex 15 in SO, at —53°; (bottom) the epim-
eric exo complex 17 recorded under identical conditions.

(and Hs for symmetry reasons) are more downfield shifted
than the even-numbered protons (H,4¢). This conclusion,
which is supported nicely by the multiplicities and relative
intensities seen for this absorption region in the spectrum of
15, agrees with relative electron densities expected to pre-
vail in homotropylium cations.!”

As observation of these solutions was continued during
warming to room temperature, equilibration to the respec-
tive exo-homotropylium-d-sulfinate complexes 16 and 17
was evident. In the case of 17, the vestiges of incomplete
deuteration were now visible in the form of a broad upfield
peak of weak intensity at 6 1.1 (Figure 3). Of vastly greater
import, the spectra of the exo ions differ only slightly in
their individual olefinic regions from those of their progeni-
tor endo isomers. Because a single symmetry-allowed cir-
cumambulatory [1,6] migration of Cs would necessarily
alter the position of the ring deuterium relative to the stere-
ochemically inverting bridge, scrambling of 3-d to 2-d and/
or 4-d and vice versa should be encountered if this mecha-
nism is operative. Continued rearrangement of this type
would simply distribute the isotope more extensively to in-
clude positions 1 and 7. Since the spectra of 14 and 15 de-
fine unmistakably the locus of ring deuterium substitution
and, because the signals and peak areas from the respective
exo ions do not give evidence of positional permutation,
then endo-exo isomerization necessarily occurs with main-
tenance of the integrity of the seven tropylium positions.
Even when the solutions are allowed to stand for more pro-
longed periods at room temperature, the downfield multi-
plets remain unaltered. Seemingly, therefore, inversion
through the planar cyclooctatrienyl cation is the low energy
pathway to Cg epimerization.

By implication, the previously demonstrated reclosure of
10 to 6 should have a parallel in neutralization reactions of
14. However, the latter endo homotropylium complex does
not possess comparable symmetry, with the result that C-S
bond formation at C; and Cs will provide differently la-
beled sulfones. Such an experiment would have the impor-
tant consequence of establishing by chemical methods the
involvement of a ring-opened intermediate. When an SO,
solution of 12 having concentration levels approaching
those employed for the NMR spectral measurements (more
dilute conditions proved less effective) was treated with
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SbFs at —55° for 3.5 hr, the sulfone sample subsequently
recovered was shown by "H NMR Fourier transform meth-
ods to have suffered a 28% influx of hydrogen to one bridge-
head position together with a parallel diminution in olefin
absorption intensity. We have considered this to arise by
partial conversion to 18, although it has not been possible to
establish precisely the site of sp?-bound deuterium due to
the narrow width of the composite olefinic proton signal.
The level to which 18 is formed is too low to reflect the
H-D fractionation factor operating during closure of 14.
Rather, this excessive weighting in favor of 12 likely means
that a portion of this starting sulfone has remained intact
throughout the reaction period.

To the critical reader, the great similarity of the spectra
shown in Figures 2 and 3 could conceivably raise the ques-
tion that they represent one and the same compound. Al-
though the findings with the protio counterparts (Figure 1)
render this presumption unlikely, supportive chemical evi-
dence was unquestionably needed. The recovery of 6 and 18
from solutions of 10 and 14 maintained at —50° and below
has been discussed previously. This capability for reclosure
of the endo-8-sulfinate complexes to 9-thiabicyclo-
[4.2.1]nona-2,4,7-triene 9,9-dioxides has proved general. In
contrast, quenching experiments conducted subsequent to
thermal equilibration at 25° have not led to cyclic sulfone
products. Rather, water soluble substances which may be
sulfinic acids are formed; to this time, their complete char-
acterization has eluded us. Importantly, however, solutions
of 16 and 17 gave rise to such products when quenched with
water.

Consequences of Monomethylation. Stepwise treatment
of 6 with | equiv of n-butyllithium in anhydrous tetrahy-
drofuran at —78° and excess methyl iodide afforded 19
which was obtained in a pure state by high pressure liquid
chromatography on silica gel. The low temperature 'H
NMR spectrum of this sulfone dissolved in SbF5-SO, is
shown in Figure 4. When the sample was allowed to warm
to room temperature, the & 5.7 signal was replaced by a
multiplet of equal area (1 H) at 1.67. This strong upfield
shifting is precisely the behavior expected for migration of
an 8-exo hydrogen to the endo environment of the bridging
carbon. An additional intriguing aspect of these spectra
concerns the location of the methyl peak (6 2.58) and the
almost negligible impact of conformational isomerization
upon the chemical shift of this signal and those of the ole-
finic multiplets. These observations give one considerable
insight into the specificity of ring opening in 19, the avail-
able data compelling interpretation in favor of cleavage of
the S'V-Cs bond with placement of the methyl group
uniquely at Cs.

The remaining absorptions in the spectra of 20 and 21 [§
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8.13-8.50 (Hs), 7.40-8.00 (H,4,6), and 6.12-6.61 (H, )]
are then assignable by analogy. The unsymmetrical nature
of these complexes is easily recognized and is further sig-
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naled by the increased shielding of the ring protons (except
Hs) which likely results from diminished positive charge in
these segments of the homotropylium ion.

Although monomethylation of the 9-thiabarbaralane
dioxide ring system as in 22 will affect the energetics of the
Cope rearrangement, the influence of the alkyl group on
this particular process is expected to be minimal. On the
other hand, the rearrangement is no longer degenerate and
an equilibrium imbalance in favor of 22b can be expected.'8
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In fact, controlled alkylation of 7 does provide a monometh-
yl derivative which exists predominantly as 22b at room
temperature.'® Possible regioselectivity of the SbFs-pro-
moted ring opening of 22 now becomes a mechanistic ques-
tion of some interest. Fortunately, an experimental assess-
ment of the situation is possible since ring opening of
bridgehead substituted form 22a should provide symmetri-
cal ring methylated cation 23, while 22b should experience
conversion to 24 under these reaction conditions.

'TH NMR spectra of 22 in SbFs-SO, recorded at —50°
display multiplet resonances at 6 7.8-8.5, 5.17-6.14, and
1.15-1.53 together with a pair of somewhat broadened
methyl singlets of approximately equal intensity at 2.45 and
2.13. Although the spectra are complicated by the presence
of an unexplained weak intensity high-field multiplet (&
1.15-1.53),%0 the remaining features support the notion that
23 and 24 are formed competitively. These spectra proved
stable for several hours at —50°. On warming briefly (15
min) to room temperature, however, all features of the
spectra sharpened noticeably and the methyl signal at 2.13
as well as the upfield multiplet were no longer present. The
remaining absorptions [8 7.55-8.37 (m, H2;35¢6), 5.62-6.25
(m, H, 7), 5.08-5.62 (m, Hg), and 2.34 (br s, -CHj3)] com-
prise a pattern fully consistent with that anticipated for 23.
We have not found it possible to establish that 24 undergoes
conversion to 23 at the more elevated temperatures. Alter-
natively of course, this homotropylium ion could be experi-
encing rapid selective destruction. Interestingly, when the
solution containing 23 was left at room temperature for pe-
riods up to | hr, the onset of decomposition was noted but
conformational isomerization was clearly nonoperational.
The Hgexo resonance at § 5.08-5.62 did not fade more rap-
idly than the others and in particular was not replaced by
an Hgengo signal at higher field. It is enticing to speculate
that the increased positive charge density at C4 in 23 which
results from its tertiary nature may be of such proportions
that electrostatic interaction with the endo-8-sulfinate
group becomes adequate to deter its migration to the exteri-
or of the molecule.

In an attempt to gain somewhat more direct access to
such methyl substituted homotropylium cations, the reac-
tion of methylcyclooctatetraene with SbFs in liquid sulfur
dioxide was examined. Solutions prepared from this poly-
olefin in the standard manner showed a very complex meth-
yl region. The prevailing intricacy was not obviated when
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Figure 4. 'H NMR spectra (60 MHz) of: (top) endo- and (bottom)
exo-3-methyl-8-homotropyliumsulfinate complexes (20 and 21) in SO,
at —=50°.

the tubes were allowed to remain at 25° for varying periods
of time. Consequently, this approach did not provide useful
synthetic methodology but was the source of meaningful
mechanistic insight (see below).

Dimethyl Derivatives. Dimethyl sulfone 25, prepared
from the dianion of 6'' and excess methyl iodide, was treat-
ed with incrementally greater molar equivalents of SbFs in
SO, solution (—50°) to gain information on the effect of
differing relative amounts of the Lewis acid. At the low end
of the concentration range (1 mol equiv), the spectrum con-
sisted of a somewhat broadened methyl signal at é 1.00 and
a six-proton absorption in the 5.1-5.9 region. Although
coordination was apparent, ring opening had clearly not
taken place.2! As the level of SbFs was increased, this spec-
trum was gradually replaced with that expected for 26.
Once 2.5 equiv of SbFs had been introduced, no further
spectral changes were seen. The well-resolved features now
consisted of multiplets at 8 7.8-9.0 (4 H) and 5.9-6.5 (2
H), as well as methyl peaks at 2.72 and 2.03 (Figure 5).
The latter two signals were not clean singlets; low intensity
spikes of unknown origin invariably appeared on either side
of the principal absorption.2® Brief warming (15-30 min) of
these solutions to room temperature resulted in partial con-
version to 27, as reflected by the reduction in intensity of
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the 6 5.9-6.5 multiplet and the 2.03 singlet in tandem with
the “growing in” of new signals of proportionate area at
5.4-5.9 and —0.28. After 55 min at 20°, the new spectrum
also began to decay, thus suggesting that 27 may be some-
what less stable than its lower methylated analogs.
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Figure 5. '"H NMR spectra (60 MHz) of: (top) ion 26 in SO, at —50°;
(bottom) ion 29 under the same conditions. Both spectra were recorded
after approximately | hr at this temperature.

Due to the prevailing rapid Cope rearrangement, dimeth-
ylsulfone 28 displays (in CDCl3) a lone methyl singlet (&
1.54), a time-averaged cyclopropyl-olefinic absorption (m,
4 H, 4.0-4.32), and a permanently olefinic pair of protons
(m, 5.63-6.08). Using 25 as a prototype, 28 was similarly
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treated with 2.4 equiv of SbFs. The spectrum so generated
consisted of narrow multiplets at 5 7.8-8.5 (4 H) and 4.3-
4.9 (2 H), together with twinned methyl singlets at 2.67 and
2.17 (more intense) as well as 2.60 and 2.08 (lesser intensi-
ty) (Figure 5). No changes were evident after 90 min at this
temperature. Upon warming to 20° for 12 min, the two
multiplets remained essentially unaltered. However, the rel-
ative intensities of the pairs of methyl peaks were now re-
versed.

It is evident from the NMR data that the zwitterion gen-
erated in these experiments maintains symmetry through
carbons C; and Cs. However, the two methyl substituents
do not remain identical. Furthermore, the chemical shift of
H, and H; denotes that homotropylium character has not
been attained since their location (8 4.3-4.9) is approxi-
mately 1.5-2 ppm to higher field than normally encoun-
tered in such homoaromatic systems. These facts, together
with the observation that H-2,3,5,6 must necessarily bear
some degree of positive charge,222* are best explained in
terms of closed ion 29. Some measure of additional support
for this assignment was derived from the finding that 28
-could be recovered in good yield when hydrolysis was ef-
fected after 3.5 hr at —70°. Thus, in contrast to the behav-
ior of 7, isomerization to a [4.2.1]bicyclic frame does not
operate, likely because of the prohibitive constraints present
in 29.

Interpretation of the changes in the methyl region neces-
sarily borders on the speculative. It is plausible, however,
that the degree and locus of methyl substitution in 29 may
be adequate to effect restricted rotation about the C-S
bond. Because of the rigid geometry of the sulfone group in
28, the spatial directionality achieved upon initial coordina-
tion of SbFs to oxygen may not be that which is most ener-
getically satisfying to 29. But whereas the preferred equilib-
rium orientation is easily reached in the homotropylium-8-
sulfinate complexes, the combination of bicyclic character
and disubstitution at C4 and Cs in 29 could reasonably at-
tain restrictive levels. As expected of this phenomenon, the
intensities of the four original methyl signals undergo syn-
chronized alterations in relative intensity.

Direct treatment of 1,4- and I,5-dimethylcyclooctate-
traenes?* with SbFs-SO; did not give evidence of providing
either 26 or 29. This was anticipated since electrophilic at-
tack at one of the methyl bearing ring carbons would be re-
quired, an unlikely event. Rather, the principal absorptions
witnessed after 15 min at —50° appear at § 7.5-8.7, 5.4-
6.5, and 2.1-2.9. The complexity of these spectra is compa-
rable to that realized from methylcyclooctatetraene. To-
gether, they point up clearly that homotropylium-8-sulfi-
nate complexes do not undergo ready dissociation to their
cyclooctatetraene counterparts (and subsequent recombina-
tion) under the experimental conditions followed herein.

Discussion

The fact that sulfones 6 and 7 are produced upon reac-
tion of cyclooctatetraene with the 1:1 SO,-SbF5 complex2’
suggests that ring closure may proceed via hypotheti-
cal homotropylium species such as 4 and 5 (XY~
= -S(0)OSb~Fs).6¢7 When interaction with a second mole
of SbFs becomes possible, the anionic moieties (cf. 10, 11,
etc.) now become sufficiently stabilized that maintenance of
zwitterionic character is made possible. As a direct conse-
quence of the demonstrated stoichiometry requirements,
therefore, the homotropylium-8-sulfinate species generated
in this study have been formulated as 2:1 complexes. Since
both 9-thiabicyclo[4.2.1]nona-2,4,7-triene and 9-thiabar-
baralane 9,9-dioxide structures can act as serviceable pre-
cursors to these ions, it is clear that the isomeric frame-
works share the common characteristic of facile electrophil-
ic ring opening.

With the exception of 29, the quite large chemical shift
difference observed for 8., (deshielded) and 8cndo
(shielded) substituents attests to the operation of a ring cur-
rent. Classical bicyclic structures such as the bicyclo-
[3.1.0]hexenyl?® and bicyclo[5.1.0]octadienyliron tricar-
bonyl cations?” are known not to exhibit comparable aniso-
tropic effects. In most of the examples studied, endo-exo
isomerization of the Cg center occurred readily. When one
of the tropylium sites was substituted by deuterium or
methyl, positional integrity of the ring positions was main-
tained during such stereochemical inversion. Consequently,
the process cannot be defined as a circumambulatory rear-
rangement. Rather, inversion through a planar cycloocta-
trienyl cation appears to be the low-energy pathway. Theo-
retical assessment of the energetics for degenerate cir-
cumambulatory rearrangement in the parent homotropyl-
ium cation has projected an energy barrier of 43 kcal/
mol.!® Although suitable substitution of Cg might reduce
the magnitude of this activation energy, it remains difficult
to decrease matters below the 22-23 kcal/mol level where
ring flattening and attainment of cyclooctatrienyl character
can develop.>!2 Since endo-homotropylium-8-sulfinate
complexes are not exceptions to this trend, this type of
bulky 8-endo substituent does not provide a perturbation
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which leads to mechanistic crossover. However, adverse
electronic effects may operate against [1,6] suprafacial mi-
gration in our examples.'®

The positive charge in homotropylium structures formal-
ly resides on the seven-membered ring. The introduction of

"methyl groups at these positions should exert a stabilizing
inductive influence on the ground state, while similar sub-
stitution at Cg should have lesser import, perhaps of a steric
nature only. The experimental results show that the 3-meth-
yl substitution plan adopted by 20 and 26, although the
source of some spectral alterations, neither perturbs measu-
rably the inherent delocalization of the system nor the facil-
ity (qualitative) with which ring flipping occurs. Also, any
distortion which the exo-8-methyl group in 26 may bring to
this zwitterion is not apparent.

Placement of a methyl group at C4 is quite another mat-
ter. In light of our experience with 23, it seems that a great-
er part of the positive charge now becomes localized at this
site with the result that configurational inversion at Cg does
not operate. We might visualize this as the result of a per-
turbation transmitted to the basal carbons at positions 1
and 7 such that their hybridization status is somehow al-
tered.'628 Proton chemical shift data do not resolve this
issue. However, electrostatic attraction may also develop
between C4 and the endo-oriented sulfur substituent which
is of adequate proportions to deter conformational inver-
sion. Most intriguing is the finding that introduction of a
second methyl group at the 8-exo site leading to 29 results
in loss of homoaromatic character. Such a dampening effect
points up the rather narrow width of the interfacing which
separates homoaromatic ions from their more classical
counterparts,2® a phenomenon which is certain to be still
more apparent in neutral molecules which lack the added
driving force to delocalization provided by an electrical
charge.’® As a direct result of the positional specificity pro-
vided by the present method, some glimpse of substituent
effects on homoaromatic character has been made possible.
Because the sulfinate moiety present in our complexes is
likely to be considered by many as an unknown ingredient
having bothersome complexity, attention should now be
turned to a range of simpler isomeric mono- and disubsti-
tuted homotropylium ions. Although some exploratory ef-
fort has been made in this direction,’! it is our intention
that the present results provide the impetus necessary to
foster requisite interest in the elucidation of these various
factors.

Experimental Section

Proton magnetic resonance spectra were obtained with a Varian
A-60A spectrometer; apparent splittings are given in all cases. In-
frared spectra were determined on a Perkin-Elmer 467 instrument.
Elemental analyses were performed by the Scandinavian Mi-
croanalytical Laboratory, Herlev, Denmark.

Reaction of Cyclooctatetraene with Antimony Pentafluoride in
Liquid Sulfur Dioxide. Into a I-l. three-necked flask fitted with a
dry ice condenser, an overhead stirrer, and a jacketed addition fun-
nel was condensed 100 ml of sulfur dioxide at —70° under a nitro-
gen atmosphere. Freshly distilled cyclooctatetraene (11.5 g, 0.11
mol) was added. Antimony pentafluoride (24 g, 0.11 mol) was
weighed into a 250-ml three-necked flask equipped with a dry ice
condenser and stirring bar. After the condensation of 150 ml of
sulfur dioxide at —50° and dissolution, transfer to the addition
funnel was made at —60°. This reagent was added dropwise during
45-60 min to the yellow COT-SO; solution. The resulting mixture
was stirred for 2.5 hr at —70° under nitrogen, the sulfur dioxide
was removed at 10-20 mm and —40 to —60°, cold (—30°) meth-
ylene chloride was introduced, and all was poured in a slow stream
into a vigorously stirred saturated sodium bicarbonate solution
(600 ml) cooled in an ice bath. The layers were allowed to sepa-
rate, and the aqueous phase was extracted with methylene chlo-
ride. The combined organic layers were washed several times with
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water and brine, dried, and concentrated in vacuo. Three recrystal-
lizations of the resulting light yellow solid (13.1 g, 70.5%) from
chloroform-hexane afforded pure 6 (4.63 g), mp 193-193.5°,
Chromatography of the combined mother liquors on silica gel (elu-
tion with chloroform-ether (9:1)) furnished an additional 2.46 g of
6 (total yield 38%). The slower moving component proved to be 7:
mp 166-166.5° (0.46 g, 2.5%); dme,si (CDCl3) 5.96 (pseudo t, 2,
olefinic), 4.48 (pseudo t, 4, cyclopropyl = olefinic), and 3.33
(pseudo t, 2, methine); vyax (CHCL3) 1306, 1286, and 1121 em™'.

Anal. (CgHg0,S) C, H, S.

Method for Obtaining 'H NMR Spectra in Sulfur Dioxide. An
accurately weighed sample of antimony pentafluoride under nitro-
gen was cooled to —60°, while sulfur dioxide was condensed
(—60°) to provide approximately 0.5 ml of solution. After com-
plete dissolution of the Lewis acid (best achieved at —20°), the sul-
fone was added in one portion at —60° with agitation from a glass
rod. The micro reaction vessel was so designed that it could now be
connected via a transfer adapter simultaneously to a vacuum line
and an NMR tube. While cooled in liquid nitrogen, the vessel was
evacuated and dry nitrogen was introduced to a level of 100 mm.
Transfer to the tube was achieved by gravity and differential cool-
ing (liquid Nj). Subsequently, the sample was degassed using stan-
dard techniques and sealed under high vacuum.

9-Thiabicyclo[4.2.1]nona-2,4,7-triene- 1,6-d; 9,9-Dioxide (12).
To a stirred solution of 6 (168 mg, 1.00 mmol) in dry tetrahydrofu-
ran (15 ml) was added 2.25 mol equiv of n-butyllithium dissolved
in pentane at —70° under nitrogen over a period of 2 min. After
stirring for 6 min at this temperature, an appreciable excess of ace-
tic acid-O-d was introduced and the cooling bath removed. Dichlo-
romethane was added after solvent removal, and the mixture was
washed several times with water before drying, concentration, and
sublimation [120° (0.2 mm)]. There was obtained 117 mg (68%)
of 12: mp 194-194.5°; 8me,si (CDCl3) 6.03 (s, olefinic).

9-Thiabarbaralane-1,5-d, 9,9-Dioxide (13). Comparable treat-
ment of 7 (300 mg, 1.79 mmol) in 35 ml of anhydrous tetrahydro-
furan with 2.68 ml of 2.0 M n-butyllithium (5.4 mmol) at —70°
for 5 min, followed by quenching with acetic-ds4 acid (1.2 ml) gave
250 mg (82.2%) of sulfone. NMR analysis indicated deuterium ex-
change to be incomplete, but this was achieved after a second pass
(220 mg, 72.3%). Recrystallization from chloroform-hexane gave
white crystals: mp 165.5-166°; dme,si (CDCl3) 5.76-6.18 (pseudo
t, 2, olefinic) and 4.47 (pseudo d, 4, olefinic = cyclopropyl).

1-Methyl-9-thiabicyclo[4.2.1)nona-2,4,7-triene 9,9-Dioxide (19).
To a stirred suspension of 6 (99.8 mg, 0.594 mmol) in 10 mi of an-
hydrous tetrahydrofuran cooled to —78° under nitrogen was added
0.22 ml of 2.715 M n-butyllithium-hexane solution (0.594 mmol).
The dark brown solution was allowed to stir for 30-35 sec before
quenching with 0.6 ml of methyl iodide. The resulting light yellow
solution was evaporated in vacuo (20°), and the residue was taken
up in water and dichloromethane. The organic layer was washed
several times with water, dried, and evaporated to leave 89.4 mg of
yellow oil. The products from a total of six such methylations were
combined and subjected to high pressure liquid chromatography
on silica gel (elution with 10% ether in chloroform). The more rap-
idly eluted component was 25 (49.0 mg), identified by direct com-
parison with the substance prepared below. There followed 254.5
mg of 19 and ultimately 66.7 mg of recovered 6. Recrystallization
of the desired product from chloroform-hexane afforded white
crystals: mp 115-116°; 8me,si (CDCl3) 5.45-6.24 (m, 6, olefinic),
3.83-4.10 (m, I, bridgehead), and 1.52 (s, 3, methyl).

Anal. (CoH005S) C, H, S.

1(5)-Methyl-9-thiabarbaralane 9,9-Dioxide (22). To a stirred so-
lution of 7 (52.8 mg, 0.314 mmol) in 8 mi of anhydrous tetrahy-
drofuran was added 0.116 mi (0.314 mmol) of 2.715 M n-butyl-
lithium-hexane solution via syringe at —78° under nitrogen. The
yellow solution was allowed to stir for 45 sec before the addition of
methyl iodide (0.3 ml). Work-up in the predescribed fashion pro-
duced 52.4 mg (91.8%) of pale yellow solid. From a total of four
such runs, the combined products were subjected to high pressure
liquid chromatography on silica gel (elution with chloroform-ether
(9:1)). In order of elution, there were isolated 23.1 mg of 28, 70.7
mg of 22, and 32.9 mg of recovered 7. The desired sulfone was ob-
tained as white crystals: mp 225.5-226° dec, from chloroform-
hexane; me,si (CDCl3) 5.66-6.07 (m, 2, olefinic), 4.96-5.34 (m,
2), 3.30-3.62 (m, 3), and 1.56 (s, 3, methyl).

Anal. (CoH,002S) C, H, S.
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1,6-Dimethyl-9-thiabicyclo{4.2.1]nona-2,4,7-triene
(28) was available from a previous study.?*

1,5-Dimethyl-9-thiabarbaralene 9,9-Dioxide (28). Following pre-
vious methodology, a solution of 7 (830 mg, 4.94 mmol) in 60 mi
of anhydrous tetrahydrofuran was treated sequentially at —70°
with 7.5 mi of 2.0 M n-butyllithium-hexane solution (16.5 mmol)
and S ml of methyl iodide. There was obtained 890 mg (92%) of
crude 28 which was recrystallized from chloroform-hexane: hard
white crystals; mp 237° dec; Sme,si (CDCl3) 5.63-6.08 (m, 2, ole-
finic), 4.0-4.32 (m, 4, cyclopropyl = olefinic), and 1.54 (s, 6,
methyl).

Anal. (C10H1202S) C, H, S.

9,9-dioxide
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