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Synthesis of 5-tert-butyl-8,12,14-trimethyl- and 5-tert-
butyl-8,12,14,16-tetramethyl[2.2lmetacyclophane and their
treatment with Lewis acids in benzene

Tomoe Shimizu, Katsuhiko Hida and Takehiko Yamato*
Department of Applied Chemistry, Faculty of Science and Engineering, Saga University, Honjo-machi 1, Saga-shi,

Saga 840-8502, Japan

Treatment of 5-tert-butyl-8,12,14,16-tetramethyl[2.2]MCP with AICI;-MeNO, in benzene led to trans-tert-butylation
to afford 8,12,14,16-tetramethyl[2.2IMCP in good yield along with tert-butylbenzene. On the other hand, the same
treatment of 5-tert-butyl-8,12,14-trimethyl[2.2]MCP led to transannular cyclisation reaction and isomerisation reaction
to afford the corresponding strainless 2-tert-butyl-3a,6,8-trimethyl-3,3a,4,5,9,10-hexahydropyrene in good yield.
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[2.2]Metacyclophanes ([2.2]MCP) are distinguished by
their abnormal physical and chemical properties. Several
qualitative explanations have been given for the origin of
the abnormality: n-electron repulsion between the benzene
rings,'~7 hyperconjugation with the bridging C-C bonds,®
nonplanarity of the benzene rings,’ and transannular =
interaction between the benzene rings.1? Boschi and Schmidt!?
suggested from the ionisation energies and transannular
n—m resonance integrals of [22]MCP that transannular
77 interaction may take place between C-8 and C-16.
Later on, Sato and Takemura!! confirmed the transannular
n—n interaction of [2.2]MCPs by comparison of the charge-
transfer bands of a cyclophane molecule with those of the
corresponding acyclic models. [2.2]MCP showed only a
moderate increase reflecting decreased overlap between the
two aryl groups, compared with the large enhancement in the
n-basicity in the lower membered paracyclophanes. However,
only the charge transfer bands of 8,1 6-unsubstituted [2.2]MCP
and its alkyl derivatives were investigated.

Owing to electronic interaction between the two benzene
rings, the proximity of 8,16-positions, and the considerable
strain energy, [2.2]MCP is prone to give transannular reaction
products under electrophilic reaction conditions.'> Tn fact,
we have reported!® the Lewis acid-induced transannular
cyclisation reaction of 5-fers-butyl-8-methoxy[2.2]MCP to
give 2-fert-butyl-4,5,9,10-tetrahydropyrene with remarkable
ease and with high selectivity (Scheme 1). This novel
transannular reaction might be attributed to the presence of
methoxy group at 8-position, which increase the m-electron
density of the benzene ring. These reactions are quite different
from those of 8,16-unsubstituted [2.2]MCPs, which give
1,2,3,3a,4,5-hexahydropyrene and might be attributed to the
presence of the methoxy group at a position 8, which would
increase the difference of the m-electron densities among
the two benzene rings. Thus there is substantial interest in
investigating the eftects of substituents at the positions 8 and
16 on the treatment of [2.2]MCPs with Lewis acids. We report
here on the preparation of 5-tert-butyl-8,12,14-trimethyl- and
5-tert-butyl-8,12,14,16-tetramethyl[2.2]MCP using the sulfur
method and their treatment with Lewis acids in benzene.

Results and discussion

The preparative route of 9,14,16-trimethyl- and 9,14,16,18-
tetramethyl-5-terz-butyl-2,11-dithia[3.3]MCPs 4a and 4b is
shown in Scheme 2. 1,5-Bis(chloromethyl)-2,4-dimethyl-
benzene 2a and 1,3-bis(chloromethyl)-2,4,6-trimethylbenzene
2b were prepared by chloromethylation of m-xylene 1a
and 1,3,5-trimethylbenzene 1b with chloromethyl methyl
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ether in the presence of ZnCl, as following to the reported
procedure.!“ 18 The preparationof4-zert-butyl-2,6-bis(sulfanyl-
methyl)toluene 3 has already been described.!%20 The
cyclisation of bis(chloromethyl)benzenes 2 and 4-fert-butyl-
2,6-bis(sulfanylmethyl)toluene 3 was carried out under
highly diluted conditions in 10% ethanolic KOH in the
presence of a small amount of NaBH,, giving the desired
2,11-dithia[3.3]MPCPs 4a and 4b in 73 and 63% yields,
respectively.222* The 'H NMR spectrum of 4b shows six
kinds of methyl protons, each as a singlet. By careful column
chromatography (silica gel, Wako C-300), two conformers,
anti-4b and syn-4b, are separated. They are thermally stable
and do not interconvert at 150°C in DMSO solution and at
400 °C in the solid state.
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The structures of 4 have been elucidated by elemental analyses
and spectral data. For instance, the mass spectral data for anti-
4b (M * = 384) strongly supports cyclic dimeric structure.
The 'H NMR spectrum (in CDCly) of anti-4b exhibits
two sets of doublets at & 3.59, 3.69 ppm (J = 14.5 Hz) and
5 3.62, 3.80 ppm (J = 13.5 Hz) for the CH,SCH, methylene
protons and two singlets for the internal methyl groups
at an upfield shift & = 1.08 and 1.33 ppm from toluene
(6 =2.31 ppm) due to the ring current of the opposing aromatic
1ing.2022:25-30 With increasing temperature in DMSO-dg, the
doublets do not coalesce below 150°C, respectively, and
the energy barriers of flipping are both above 25 kecal mol'.
These observations strongly suggest that the compound anti-
4b adopts rigid anti-conformation. In contrast, the internal
methyl protons of syn-4b is observed at & 2.46 and 2.47 ppm.
Further, the aryl hydrogens at 15-proton and 5,7-positions
can clearly be seen to be shielded at § 6.29 and 6.88 ppm by
the adjacent ring, a common consequence of a face-to-face
benzene ring?6-3% Also the fert-butyl protons was observed at
higher field, & 1.18 ppm compared to that of the anti-4b at
5 1.35 ppm due to the strong shielding effect of the benzene
ring. These observations strongly suggest that the compound
syn-4b adopts a syn-conformation. Similarly, the assignment
of structures for the anti conformer of anti-4a was readily
apparent from their 'H NMR spectra. The internal aromatic
proton at the 18-position was observed at a higher field, 6 5.29
ppm and two sets of doublets at § 3.40, 3.63 ppm (J=15.0 Hz)
and & 3.80, 3.98 ppm (J = 13.7 Hz) for the CH,SCH,
methylene protons. These observations strongly support the
rigid anti-[3.3]MCP structure anti-4a. However, the internal
methyl protons appeared at & 2.12 ppm difterent from those
observed in 9,18-dimethyl-2,11-dithia[3.3]MCP anti-4b
(6 1.08 and 1.33 ppm). No ring current effects of the opposing
benzene were observed. These findings might be attributable
to the different structure between anti-4a and anti-4b.
Oxidation of anti-4a, anti-4b and syn-4b with m-chloro-
perbenzoic acid in methylene dichloride afforded the
corresponding bissulfone anti-5a, anti-Sb and syn-5b in
quantitative yield. Pyrolysis of anfi-5a and anti-Sb under
reduced pressure (1 torr) at 500 °C was carried out according
to the reported method?®2* to afford the corresponding
desired [2.2]MCPs anti-6a and anti-6b in 75 and 73% yields,
respectively. Interestingly, a similar result was obtained in
the case of pyrolysis of syn-5b to afford syn-6b carried out
under the same reaction conditions. syn-anfi-isomerisation
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was observed under the reaction conditions used (Scheme 3).
These findings strongly suggest that the ring inversion to the
thermodynamically more stable anti-conformation is possible
in the syn-9,14,16,18-tetramethyldithia[3.3]MCP tetraoxide
syn-5b.

The structures of 6a and 6b were established on the basis
of the base peak molecular ions in their mass spectra, and
they were assigned the anti-stereochemistry anti-6 on the
basis of their 'H NMR, since the 8-methyl protons of 6a and
6b appears at around & 0.48-0.52 ppm,l20-26 attributable
to be shielded by the opposite ring. The similar upper field
shift of the internal aromatic proton at 16-position of anti-
6a was observed at 3 3.63 ppm. These observations strongly
suggest that compounds 6a and 6b both adopt rigid anti-
conformations.

The Lewis acids catalysed trans-ferf-butylation of anti-
6b in benzene was carried out under various conditions.
The AICl,-MeNO,-catalysed trans-ferz-butylation reaction
of anti-6b at 50°C for 3 h afforded the desired 8,12,14,16-
tetramethyl[2.2]MCP anti-7b in 85% yield along with zert-
butylbenzene 8 (Scheme 4), but titanium tetrachloride was
needed in much larger amounts and with longer reaction times
than AICl;-MeNO,. However, no trans-terf-butylation of anti-
6b was observed with SnCl, as the catalyst.

On the other hand, treatment of 5-fers-butyl-8,12,14-
trimethyl[2.2]MCP anti-6a with AICl;-MeNO, in benzene
under the conditions of 50°C for 3 h led to transannular
cyclisation reaction and isomerisation reaction to afford
the corresponding strainless 2-fert-butyl-3a,6,8-trimethyl-
3,32,4,5,9,10-hexahydropyrene 9 in 85% yield (Scheme 5).
It was also found that there was no formation of fert-
butylbenzene 8 under the reaction conditions used. This
result suggests that the present transannular cyclisation
reaction and isomerisation reaction might be much faster than
trans-fert-butylation. Indeed, treatment of compound 9 with
AIC1;-MeNO; in benzene under the same reaction conditions
did not afford the trans-fert-butylated product and fert-
butylbenzene 8. Only the recovery of the starting compound
9 resulted. Thus, a different reaction was observed in the
treatment of 8-methyl[2.2]MCPs depending on the substituent
at 16-position.

It is concluded that the above present transannular
cyclisation rcaction and isomecrisation rcaction of 8,12,14-
trimethyl[2.2]MCP anti-6a to form 2-fert-butyl-3a,6,8-
trimethyl-3,3a,4,5,9,10-hexahydropyrene 9 is strongly affected
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by the bulkiness of the methyl group in the 8-position which
increases the strain in a molecule like the methoxy group, but
prevents the reversal of the steps between intermediates C and
D in Scheme 6. This result is quite different from the Lewis
acid-induced transannular reaction of 8-methoxy[2.2]MCPs
to give 4,5,9,10-tetrahydropyrene in which the good leaving-
group ability of the methoxy group, particularly when
complexed by the Lewis acids, may be important.!3

Bu

+H*
anti-6a ——»

A mechanism for the formation of 9 from anti-6a is
proposed in Scheme 6. Cram et al. reported?6—38 the AICI;-
catalysed isomerisation of [2.2]paracyclophane to the less
strained [2.2]metaparacyclophane along with transannular
isomerisation products, 1,2,2a,3,4,5-hexahydropyrene and
[22IMCP. In the case of anti-8-methyl[2.2]MCP anti-6a,
the protonation of the ipso-position of ethylene bridge on
the benzene ring at the 3-position could afford the cation

tBu

Scheme 6
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intermediate A, from which inter-annular bond formation
at 8 and 16-positions occurs to form intermediate B.
The aromatisation transformed B to C and further protonation
might generate the intermediate D, from which the 1,2-methyl
shift leads to compound 9.

From the elemental analyses and parent ion peak in the mass
spectrum, the product was inferred to be isomeric with the
starting material. Detailed structure information was obtained
from the 'H NMR spectrum and the )C NMR spectrum.
Although the methylene protons exhibited a complex pattern
between 6 1.6 and 2.8 ppm, the olefinic proton resonance at
1-position and the aromatic proton resonance at 7-position
showed a singlet at & 5.66 and 6.80 ppm, respectively. On the
basis of the 'H NMR spectrum two isomeric structures 2-fert-
butyl-3a,6,8-trimethyl-3,3a,4,5,9,10-hexahydropyrene 9 and
2-tert-butyl-3b,6,8-trimethyl-3a,3b,4,5,9,10-hexahydropyrene
(intermediate C in Scheme 6) are possible. As mentioned
above, the only one olefinic proton resonance was observed
at & 5.66 ppm. Thus isomer 9 might be a more favourable
structure for the present isomerisation product than the
structure C having two kinds of olefinic protons at 1- and 3-
positions.>C NMR spectrum showed two quaternary carbons
at & 32.01 and 35.04 ppm for fert-butyl carbon and C-3a
carbon, respectively. From the DEPT NMR technique it was
found that four kinds of methyl carbons and five kinds of
methylene carbons do exist in the compound.

Conclusions

5-tert-Butyl-8,12,14-trimethyl- and 5-fert-butyl-8,12,14,16-
tetramethyl[2.2]MCP are prepared using the sulfur method.
Treatment of 5-tert-butyl-8,12,14,16-tetramethyl[2.2]MCP with
AlCL;-MeNO; in benzene led to trans-fert-butylation which
afforded 8,12,14,16-tetramethyl[2.2]MCP in good yield along
with zert-butylbenzene. On the other hand the same treatment
of 5-fert-butyl-8,12,14-trimethyl[2.2]MCP led to transannular
cyclisation reaction and isomerisation reaction to afford
the corresponding strainless 2-fert-butyl-3a,6,8-trimethyl-
3,3a,4,5,9,10-hexahydropyrene in good yield. The present study
indicates that the substituents effect at the 16-position of the
opposite benzene ring does exist in the reaction of [2.2]MCPs
with Lewis acids. Further studies on the mechanism for the
cycloisomerisation of anti-6a are in progress.

Experiment

All melting points are uncorrected. 'H NMR spectra were recorded
at 300 MHz on a Nippon Denshi JEOL FT-300 NMR spectrometer
in deuteriochloroform with Me4Si as an internal reference. IR spectra
were measured as KBr pellets on a Nippon Denshi JIR-AQ20M
spectrometer. Mass spectra were obtained on a Nippon Denshi
IMS-HX110A Ultrahigh performance mass spectrometer at 75 eV
using a direct-inlet system. Elemental analyses were performed by
Yanaco MT-5.

Materials
Preparation of 4-tert-butyl-2,6-bis(sulfanylmethyl)toluene 321-23 was
as previously described.

Preparation of 1,3-bis(chloromethyl)-2,4,6-trimethylbenzene (2b)

To a solution of 1,3,5-trimethylbenzene 1b (60.0 g, 0.5 mol) and
chloromethyl methyl ether (150 mL) was added zinc chloride (40 g,
0.29 mol) at room temperature. After the reaction mixture was stirred
for 10 min, it was poured into ice-water (300 mL) and extracted with
CH,Cl, (200 mL x 3). The CH,Cl, extract was washed with water
(200 mL), saturated aqueous NaCl (100 mL x 2), and dried (NaySOy)
and evaporated in vacuo to leave a colourless solid. Recrystallisation
from hexane gave compound 2b as colourless prisms (82.5 g, 76%),
m.p. 102-104°C (lit.>> 102-103 °C).

Similarly, 1,5-bis(chloromethyl)-2,4-dimethylbenzene (2a) was
prepared in 82% yield as coloutless prisms (hexane), m.p. 99 °C (lit.!
99 °C) by chloromethyation of m-xylene (1a) under the same reaction
conditions as described above.

Preparation of  6-tert-butyl-9,14,16,18-tetramethyl-2, 11-dithia
[3.3]metacyclophane (4b): A solution of 1,3-bis(chloromethyl)-
2,4,6-trimethylbenzene 2b (4.34 g, 20 mmol) and 3 (477 g,
20 mmol) in benzene (100 mL) was added dropwise over a period of
12 h from a Hershberg funnel with stirring under nitrogen to a solution
of potassium hydroxide (4.0 g, 71 mmol) and sodium borohydride
(1 g) in ethanol (4 1). After the addition, the reaction mixture was
concentrated and the residue was extracted with CH,Cl, (200 mL
x 2). The CH,Cl, extract was concentrated to leave the residue.
The residue was chromatographed on silica gel (Wako C-300, 400 g)
with hexane—ethylacetate, 1:1 v/v and 1:5 as eluents) to give anti-4b
(4.3 g, 56%) and syn-4b (0.54 g, 7%) as a colourless solid.

anti-6-tert-Butyl-9,14,16,18-tetramethyl-2, 11-dithiaf3.3Jmetacyclo-
phane (anti-4b): Colourless prisms (hexane), m.p. 171-172°C;
5y (CDCLy) 1.08 (3H, s, CH3), 1.33 (3H, s, CH3), 1.35 (9H, s, Bu),
2.40 (6H, s, CH;), 3.59 (2H, d, J = 14.5 Hz, CH,), 3.62 (2H, d,
J =135 Hz, CH,), 3.69 (2H, d, J = 14.5 Hz, CH,), 3.80 (2H, d
J=13.5 Hz, CH,), 6.78 (1H, s, ArH) and 7.38 (2H, s, ArH); m/z 384
(M*) (Found: C, 74.69; H, 8.62. C4H3,S, (384.64) requires C, 74.94;
H, 8.39%).

syn-6-tert-Butyl-9,14,16,18-tetramethyl-2, 11-dithia[ 3. 3]metacyclo-
phane (syn-4b): Colourless prisms (hexane), m.p.171-172°C;
5y (CDCly) 1.18 (9H, s, Bu), 2.19 (6H, s, CH;), 2.46 (3H, s, CH),
2.47 (3H, s, CH;), 3.79 (2H, d, J = 15.1 Hz, CH,), 3.88 (2H, d,
J=15.1 Hz, CH,), 3.94 (2H, d, J = 15.1 Hz, CH,), 4.09 (2H, d,
J=15.1Hz, CH;), 629 (1H, s, AtH) and 6.88 (2H, s, ArH); m/z 384
(M™) (Found: C, 74.85; H, 8.42. C,4H;,S, (384.64) requires C, 74.94;
H, 8.39%).

Cyclisation reactions of 2a and 3 was carried out using the same
procedure as described above to afford anti-4a in 73% yield.

anti-6-tert-Butyl-9,14,16-trimethyl-2,11-dithia[ 3.3 Jmetacyclophane
(anti-4a): Colourless prisms, m.p.81-82°C; &y (CDCl3) 1.24 (9H, s,
/Bu), 2.12 (3H, s, CH};), 2.17 (6H, s, CH;3), 3.40 (2H, d, J = 15.0 Hz,
CH,), 3.63 (2H, d, J= 15.0 Hz, CH,), 3.80 (2H, d, J= 13.7 Hz, CH,),
3.98 (2H, d J= 13.7 Hz, CH,), 5.29 (1H, broad s, ArH) 6.67 (1H, s,
ArH) and 7.11 (2H, s, AtH); §¢ (CDCL;) 15.02, 18.76, 31.19, 32.83,
34.07,3547,126.75, 128.96, 131.41, 133.48, 133.91, 134.84, 134.88
and 148.10; m/z 370 (M") (Found: C, 74.69; H, 8.62. Cy3H;S,
(370.62) requires C, 74.54; H, 8.16%).

Preparation of 9-methyl-2,11-dithiaf3.3[metacyclophane 2,2,11,11-
tetraoxides (5); typical procedure

To a solution of anti-4b (3.20 g, 8.3 mmol) in CHCI; (150 mL) was
added m-chloroperbenzoic acid (3.96 g, 19.5 mmol, 85% purity) at
0°C while stirring with a magnetic stirrer. After the solution was
stirred for 24 h at room temperature, the solvent was evaporated in
vacuo to leave the residue which was washed with 10% NaHCO;
(100 mL), water (50 mL) and ethanol to afford anti-6-tert-butyl-
9,14,16,18-tetramethyl-2,11-dithia[3.3]metacyclophane-2,2,11,
11-tetraoxide (anti-Sb) as colourless prisms (3.65 g, 98%), m.p.
>300°C; 8y (CDCLy) 1.20 (3H, s, CH;), 1.27 (3H, s, CH3), 1.35 (9H,
s, Bu), 2.53 (6H, s, CH;), 4.16 (2H, d, J = 14.8 Hz, CH,), 4.45 (2H,
d, J=14.8 Hz, CH,), 449 (2H, d J = 142 Hz, CH,), 4.61 (2H, d,
J =142 Hz, CH,), 7.02 (IH, s, ArH) and 7.78 (2H, s, ArH);
5¢c (CDCly) 14.43, 15.87, 21.10, 30.95, 34.52, 58.92, 63.56, 123.88,
125.55, 125.88, 129.04, 131.36, 136.48, 140.70, 143.52 and 148.55;
m/z 320 (M*-2S0,) (Found: C, 64.39; H, 7.26. C,4H3,3,04 (448.64)
requires C, 64.25; H, 7.19%).

Oxidation of syn-4b and anti-4a with m-CPBA was carried out
using the same procedure as described above to afford sys-5b and
anti-5a in 96 and 100% yields, respectively.

syn-6-tert-Butyl-9,14,16,18-tetramethyl-2, 11-dithiaf3.3]meta-
cyclophane  2,2,11,11-tetraoxide (syn-5b): Colourless prisms,
m.p. 217-220°C (decomp.); 6 (CDCl3) 1.14 (9H, s, Bu), 2.38 (6H, s,
CHj3), 2.39 (3H, s, CH;), 2.43 (3H, s, CH;), 4.26 (2H, d, J= 14.4 Hz,
CH,), 432 (2H, d, J=14.4 Hz, CH,), 4.65 (2H, d, J=15.0 Hz, CH,),
4.65 (2H, d, J = 15.0 Hz, CH,), 6.64 (1H, s, AtH) and 7.57 (2H, s,
ArH;, m/z 320 (M'-280,) (Found: C, 64.27; H, 7.16. Cy4H;,S,04
(448.64) requires C, 64.25; H, 7.19%).

anti-6-tert-Butyl-9,14,16-trimethyl-2,11-dithiaf3.3 Jmetacyclo-
phane 22,11,11-tetraoxide (anti-5a): Colourless prisms, m.p.
>250°C (decomp.); 8y (CDCL3) 1.34 (9H, s, fBu), 2.11 (3H, s, CH};),
2.33 (6H, s, CH;), 4.15 (2H, d, J = 15.2 Hz, CH,), 4.24 (2H, d,
J =152 Hz, CH,), 440 (2H, d, J = 144 Hz, CH,), 4.70 (2H, d,
J =144 Hz, CH,) 5.08 (1H, s, ArH), 6.91 (1H, s, ArH) and 7.60
(H, s, AtH); 5¢ (CDCL;) 16.46, 19.86, 31.09, 34.54, 58.92, 62.55,
124.51, 128.45, 129.58, 133.12, 137.13, 139.98 and 150.89; m/z 306
(M*280,) (Found: C, 63.53; H, 6.85. Cy3H;¢S,04 (434.61) requires
C, 63.56; I, 6.96%).



Pyrolysis of disulfones 5 to give 5-methyl[2.21metacyclophanes
(6); typical procedure: Pyrolysis of disulfones anti-Sb was carried
out in an apparatus consisting of a horizontal tube (15 mm in
diameter) passing through two adjacent tube furnaces, each of which
was 20 cm long. The first furnace provided a temperature that would
induce sublimation of the sulfone; the second was used at a higher
temperature (500°C) that would assure pyrolysis. A vacuum pump
was connected at the exit from the second furnace. Disulfone anti-
5b (1 g, 2.23 mmol) was pyrolysed at 500°C under reduced pressure
(1 torr) in the above apparatus as follows. The sample of disulfone
was placed in the first furnace and small glass beads were packed
into the second furnace. The product which sublimed was collected
and chromatographed on silica gel (Wako C-300, 100 g) (hexane as
eluent) to give a colourless solid. Recrystallisation from methanol
gave  anti-5-tert-butyl-8,12,14,16-tetramethyl[2.2Jmetacyclophane
(anti-6b) as colourless prisms (522 mg, 73%), m.p. 134-137°C;
51 (CDCly) 0.51 (3H, s, CH3), 0.52 (3H, s, CH3), 1.29 (9H, s, Bu),
233 (6H, s, CH;), 247-2.57 (2H, m, CH,), 2.66-2.78 (2H, m, CH,),
2.83-2.89 (2H, m, CH,), 3.12-3.22 (2H, m, CH,), 6.57 (1H, s, ArH)
and 7.12 (2H, s, ArH); m/z 320 (M") (Found: C, 90.05; H, 10.17.
Cy4Hs, (320.52) requires C, 89.94; H, 10.06%).

Pyrolysis of syn-5b and anti-5a was carried out using the same
procedure as described above to afford anti-6b and anti-6a in 65 and
75% yields, respectively.

anti-5-tert-Butyl-8, 12, 14-trimethyl[2.2 Jmetacyclophane  (anti-6a):
Colourless prisms (hexane), m.p. 66-67°C; &y (CDCl;) 048 (3H, s,
CHjy), 136 (9H, s, Bu), 1.80-1.92 (2H, m, CH,), 2.30 (6H, s, CH;),
2.50-2.60 2H, m, CH,), 2.82-2.90 (2H, m, CH,), 3.22-330 (2H,
m, CH,), 3.63 (1H, s, ArH), 6.93 (1H, s, ArH) and 7.05 (2H, s, AtH);
8¢ (CDCLy) 14.13, 18.78, 31.65, 34.16, 35.04, 37.79, 122.75, 129.78,
132.74, 133.14, 135.18, 139.53, 139.73 and 149.81; m/z 306 (M")
(Found: C, 89.68; H, 10.15. C,3H; (306.5) required C, 90.13; H, 9.87).

AICl;MeNO; catalysed trans-tert-butylation of anti-6b in benzene:
To a solution of compound anti-6b (218 mg, 0.68 mmol) in benzene
(15 mL) was added a solution of AICl; (27.6 mg, 0.204 mmol) in
MeNO, (0.05 mL). After the reaction mixture had been stirred for
3 h at 50°C, it was poured into ice-water and extracted with ether
(30 mL x 2). The ether extract was dried (Na,SO,) and concentrated
under reduced pressure to leave the residue. The residue was
chromatographed on silica gel (Wako C-300, 200 g) (hexane as eluent)
to give anti-Th (153 mg, 85%) as a colourless solid, respectively.
The formation of tert-butylbenzene 8 was confirmed by GLC.

8,12,14,16-Tetramethyl[2.2]metacyclophane (anti-Th): Colourless
prisms (from MeOH), m.p. 104-107°C; 8y (CDCl;) 0.51 (3H, s, CH;),
0.54 (3H, s, CH;),2.34(6H, s, CH;), 2.46-2.60 (2H, m, CH,), 2.68-2.80
(2H, m, CH>), 2.83-2.90 (2H, m, CH,), 3.14-3.23 (2H, m, CH,), 6.60
(1H, s, AtH), 6.87 (1H, t, J="7.3 Hz, ArH) and 7.12 (2H, d, /= 7.3 Hz,
ArH); 8¢ (CDCLy) 14.40, 15.96, 19.14, 31.92, 124.44, 126.99, 133.05,
133.10, 136.96, 142.23 and 142.30; m/z 264 (M") (Found: C, 90.75; H,
9.17. CyoHy4 (264.41) requires C, 90.85; H, 9.15%).

Treatment of anti-6a with AICl;-MeNQO, in benzene

To a solution of compound anti-6a (104 mg, 0.34 mmol) in benzene
(7.5 mL) was added a solution of AICl; (13.6 mg, 0.102 mmol)
in MeNO,; (0.02 mL). After the reaction mixture had been stitred for
3 h at 50°C, it was poured into ice-water and extracted with ether
(15 mL x 2). The ether extract was dried (Na,SO,) and concentrated
under reduced pressure to leave the residue. The residue was
chromatographed on silica gel (Wako C-300, 200 g) (hexane as eluent)
to give 2-tert-butyl-3a,6,8-trimethyl-3,3d,4,5,9,10-hexahydropyrene
9 (89 mg, 85%) as a colourless solid, respectively. No formation of
tert-butylbenzene 8 was detected by GLC.
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2-tert-Butyl-3a,6,8-trimethyl-3,3a,4,5,9, 10-hexahydropyrene  (9):
Pale yellow prisms, m.p. 73-74°C; 8y (CDCl;) 0.92 (3H, s, CHj3),
1.11 (9, s, Bu), 1.60-1.74 (1H, m, CH,), 1.78-1.86 (1H, m, CH>),
2.14 2H, s, CH>), 2.19 (3H, s, CH;), 220 (3H, s, CH;), 2.28-2.48
(2H, m, CH,), 2.60-2.80 (4H, m, CH,), 5.66 (1H, s, CH) and 6.80
(1H, s, ArH); 8¢ (CDCl3) 19.34, 19.91, 23.36, 24.17, 27.26, 28.14,
33.01, 35.04, 36.80, 40.54, 119.52, 126.58, 129.60, 129.79, 130.06,
130.40, 130.91, 131.88, 133, 37 and 146,31; m/z 306 (M") (Found: C,
90.02; H, 9.66. Cy3Hj, (306.5) requires C, 90.13; H, 9.87%).
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