Similar analysis of the isomeric mixture derived from the trans
dialdehyde and ethylidenetriphenylphosphorane in DMSO in-
dicated the ctc:ctt:ttt proportions 65:33:2.

Pure samples of these isomers for characterization, preparative
scale thermolyses, and kinetic studies were obtained by prepara-
tive glpc on squalene columns,

cis,trans,cis-1,2-Di(prop-1’-enyl)cyclopropane had a strong infra-
red band at 713 cm~l. The nmr spectral parameters are given
above.

cis,trans,trans-1,2-Di(prop-1’-enyl)cyclopropane had strong infra-
red bands at 712 and 955 cm ~1; nmr, see above.

trans,trans,trans-1,2-Di(prop-1’-enyl)cyclopropane had a strong
infrared band at 958 cm~1. The nmr spectrum is discussed above.

Anal. Calcd for C;Hys: C, 88.45; H, 11.55. Found: C, 88.50;
H, 11.52.

cis-6,7-Dimethylcyclohepta-1,4-diene, A 40-ul sample of the
trans,trans,trans-dipropenylcyclopropane (98.6%, pure) was de-
gassed through three or four freeze-pump-thaw cycles at 1074 Torr,
then sealed under vacuum in a base-washed and thoroughly dried
ampoule and heated in an oil bath at 178° for 4.2 hr. The reaction
mixture contained one product (98.8%7) and no starting material,
according to glpc analyses. By thorough analysis of the nmr spec-
trum, as given above, the product was identified as ¢is-6,7-dimethyl-
cyclohepta-1.4-diene.

trans-6,7-Dimethylcyclohepta-1,4-diene. An 18-ul sample of the
cis,trans,trans-dipropenylcyclopropane (94.297) pure) was sealed in
a degassed ampoule and kept 4.2 hr at 179°. The product (95.0%;)
was identified through its nmr spectral properties (see above). The
impurities in the original sample were unchanged by the thermol-
ysis.

cis,cis,cis-1,2-Di(prop-1/-enyl)cyclopropane. A 35-ul sample of

1547

the cis,trans,cis-dipropenylcyclopropane was heated in a sealed
ampoule at 179° for 4.2 hr. Analysis by glpc using a 83’-ODPN
column revealed three components having relative retention times
0.76:1.00:1.21. The first and second proved to be ¢is-6,7-dimethyl-
cyclohepta-1,4-diene and unconverted starting material. The
third was identified as cis,cis,cis-1,2-di(prop-1’-enyl)cyclopropane;
nmr, see text above.

A pure sample of the ctc isomer kept at 178° for 4.2 hr gave rise
to a 4:72:24 product distribution. Another sample kept at this
temperature for 75 hr gave a 35:50:15.6 product ratio.

Pyrolysis of a mixture containing ¢is-6,7-dimethylcyclohepta-1,4-
diene, cis,trans,cis-dipropenylcyclopropane, and cis,cis,cis-dipro-
penylcyclopropane in 11:6:84 proportions at 182° for 4.2 hr gave
a 12:68:20 mixture of these isomers. Product identifications were
confirmed nmr spectroscopically.

Gas-phase isomerization kinetics were obtained using a static
reactor, vacuum line, pentane as diluent, and glpc to measure iso-
meric distributions as a function of time.*® The isomeric purity
of reactants was determined on the squalane capillary column,
while product distiributions were measured on 38’-ODPN columns.
The impurities in reactants (4 77 of the ctt isomer in the ttt material,
8% of ctc compound in the ctt, and 3%, of ctt in ctc), persisting
after two or three consecutive preparative glpc separations on
squalene columns, contributed to the observed distributions of
Cy¢H, 4 isomers as functions of time to a minor and easily corrected
for extent. The rate constants determined are given in Table 111
above.

(48) J. E. Baldwin and R. H. Fleming, J. Amer. Chem. Soc., 95, 5249
(1973).

Transformation of Sulfide Linkages to Carbon-Carbon

Double Bonds.

Syntheses of cis- and

trans-15,16-Dimethyldihydropyrene and
trans-15,16-Dihydropyrene’

R. H. Mitchell and V. Boekelheide*

Contribution from the Department of Chemistry, University of Oregon,
Eugene, Oregon 97403. Received July 10, 1973

Abstract:

It is shown that the transformation ef sulfide linkages to carbon~carbon double bonds in highly strained

molecules can be effected conveniently and in high yield by a reaction sequence of a Stevens rearrangement followed

by a Hofmann elimination.

This route is of particular advantage for preparing cyclophane derivatives since the
medium-sized ring sulfides required as starting materials are easy to prepare.

When m-xylylene dibromide is

treated with 1,3-bis(mercaptomethyl)benzene, 2,11-dithia[3.3]metacyclophane (25) is formed in 807 yield. Simi-
larly, 2,6-bis(bromomethyl)toluene (5) can be converted to 2,11-dithia-9,19-dimethyl{3.3]metacyclophane, which

exists in both the syn and anti conformations (7 and 8).

Subjection of these three 2,11-dithia[3.3]metacyclophane

derivatives to the Stevens rearrangement leads in each case to the corresponding ring-contracted bis(methylthio)-

[2.2]cyclophane, isolated as a mixture of isomers.

When the mixture of isomers 190, resulting from the anzi-9,18-di-

methyl derivative, is subjected to a Hofmann elimination, trans-15,16-dimethyldihydropyrene (14) forms in ex-
cellent overall yield. Similarly, the mixture of isomers 18 from the syn-8,16-dimethyl derivative is converted to

cis-15,16-dimethyldihydropyrene (21).

Surprisingly, the Hofmann elimination reaction with the parent bis(meth-

ylthiomethyl)[2.2]metacyclophane (26) gives anti-[2.2]metacyclophane-1,9-diene (31), rather than the expected

trans-15,16-dihydropyrene.

Although anti-[2.2]metacyclophane-1,9-diene (31) is a stable compound and does not

undergo spontaneous valence tautomerization, it is converted on irradiation to trans-15,16-dihydropyrene (35).
Some of the physical and chemical properties of these bridged [14]annulenes are presented.

Previous syntheses of the interesting trans-15,16-
dialkyldihydropyrenes have been lengthy and have
not provided the possibility of preparing either the cis
isomers or the parent substance, trans-15,16-dihydro-

.(l) We thank the National Science Foundation for their support of
this investigation.

pyrene (35).27¢ Inasmuch as the formation of medium-

(2) V. Boekelheide and T. A. Hylton, J. Amer. Chem. Soc., 92, 3669
(1970).

(3) H. Blaschke, C. E. Ramey, 1. Calder, and V. Boekelheide, J.
Amer. Chem. Soc., 92,3675 (1970).

(4) V. Boekelheide and J. B. Phillips, J. Amer. Chem. Soc., 89, 1695
(1967).
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sized rings by closure of sulfide linkages is generally a
facile reaction proceeding in good yield, a successful
method for the transformation of sulfide linkages to
carbon—carbon double bonds in highly strained mole-
cules would provide a very attractive route to[2.2]Jmeta-
cyclophane-1,9-dienes, the valence tautomers of 15,16-
dihydropyrenes.® Although the Ramberg-Backlund
rearrangement is a well-known method for extruding
sulfur with concomitant formation of a carbon-carbon
double bond,®7 it is our own experience, as well as that
of others,® that the Ramberg-Bicklund rearrangement
is unsatisfactory when applied to 2,11-dithia[3.3]cyclo-
phanes.

The rigid geometry of the dithiacyclophanes requires
that, when ring contraction and sulfur extrusion occurs,
the new carbon—-carbon bond be formed in a frontside
manner. As Brewster and Kline have shown in the
case of optically active ammonium salts,® the Stevens
rearrangement occurs with retention of configuration
and so fulfills this requirement. More recently, it has
also been demonstrated that Stevens rearrangements
exhibit chemically induced, dynamic nuclear polariza-
tion,-11 and so, at least in part, must also involve
diradical intermediates. However, regardless of the
mechanistic details, it seems clear that the Stevens re-
arrangement does meet the rigid requirements of cyclo-
phane geometry, and thus a Stevens rearrangement
followed by a Hofmann elimination might provide the
desired transformation of a sulfide linkage to-a carbon-
carbon double bond.

The potential of this reaction sequence was first in-
vestigated with dibenzyl sulfide (1), as a model. Meth-
ylation of sulfides cannot be done in the usual way with
methyl iodide because iodide ion, as an effective nucleo-
phile, causes displacement and trimethylsulfonium
iodide usually becomes the major product. Of the
alternate methylating agents having nonnucleophilic
counterions, we have employed in various experiments
trimethyloxonium fluoroborate (Meerwein’s reagents), 2
dimethoxycarbonium fluoroborate,!? and methyl fluoro-
sulfonate.'* Although all three reagents perform quite
satisfactorily, we have generally found the dimethoxy-
carbonium fluoroborate to give the cleanest product and
to be the most convenient to use. When methyldi-
benzylsulfonium fluoroborate (2) was treated with
sodium hydride in tetrahydrofuran, the Stevens rear-
rangement product 3 was formed in 219 yield and the
Sommelet rearrangement product 4 in 57 97 yield. 5

Examination of molecular models indicated that the

(5) H.-R. Blattmann, D. Meuche, E. Heilbronner, R. J. Molyneux,
and V. Boekelheide, J. Amer. Chem. Soc., 87, 130 (1965).

(6) L. A, Paquette and R. W, Houser, J. Amer. Chem. Soc., 91, 3870
(1969),

(7) E.J.Corey and E. Block, J. Org. Chem., 34, 1233 (1969).

(8) H. J. J.-B. Martel and M. Rasmussen, Tetrahedron Lett., 3843
1971).

(9) J. H. Brewster and M. W, Kline, J. Amer. Chem. Soc., 74, 5179
(1952).

(10) A.R.Lepley, Chem. Commun., 1460 (1969).

(11) U. Schollkopf, U. Ludwig, G. Ostermann, and M. Patsch,
Tetrahedron Lett., 3415 (1969).

(12) H. Meerwein, Org. Syn., 46, 120(1966).

(13) (a) H. Meerwein, K. Bodenbenner, P. Borner, F. Kunert, and
K. Wunderlich, Justus Liebigs Ann. Chem., 632, 38 (1960); (b) see also,
R. F. Borch, J. Amer. Chem. Soc., 90, 5303 (1968); J. Org. Chem., 34,
627 (1969).

(14) Sold by Aldrich Chemical Co. under the trade name Magic
Methyl,

(15) Y. Hayashi and R. Ada (ZTetrahedron Lett., 5381 (1968)) have
found similar results using aqueous base,

+
(C.;H:,CHL_’)QS + (MEO)JCH BF4— ——
1

Me
CH,CH,—8—CH,CH. BF,”
2

NaH, | THF

CH,—CH—CH,C,H, C,H,—CH—SMe
Me

SMe
3 (21%)

4 (87%)

Stevens rearrangement, but not the Sommelet, would be
possible in the cyclophane series, so we then turned to
the preparation of the appropriate dithiacyclophanes.
Treatment of 2,6-bis(bromomethyl)toluene (5)!¢ with
either 2,6-bis(mercaptomethyl)toluene (6) or sodium
sulfide in an ethanol solution gave a mixture of the syn
and anti conformers 7 and 8 in a ratio of about 7:1.17.18
In his extensive studies on conformational flipping and
temperature-dependent nmr spectra of dithiacyclo-
phanes, Vogtle has likewise prepared mixtures of 7 and
8 and found that they are not spontaneously intercon-
vertible.!® The assignment of structure for the pure
syn and anti isomers 7 and 8 is readily apparent from
their nmr spectra. Thus, the protons of the internal
methyl groups of 8 show an upfield shift due to the ring
current of the opposite aromatic ring and appear as a
singlet at 7 8.70, whereas the protons of the internal
methyls of 7 are normal and appear at r 7.46. In
addition, the aromatic protons of 8 show the normal
anti-metacyclophane pattern at 7 2.6-3.0, whereas the
aromatic protons of 7 are shifted upfield to 7 3.34, a
common consequence of superimposng two parallel
aromatic rings.®~22 Finally, Davis and Bernal have
made an X-ray crystallographic analysis of 7, confirm-
ing its syn conformation.?? The aromatic rings of 7
are more or less parallel but tilted toward each other, so
that the intercarbon distances between the two rings
vary from 3.28 to 3.76 A.

Methylation of anti-2,11-dithia[3.3]cyclophane (8)
with dimethoxycarbonium fluoroborate gave the corre-
sponding anti-bis(sulfonium) salt 9 in 9597 yield. Al-
though various conditions for effecting the Stevens re-
arrangement have been investigated, the most generally
satisfactory and convenient procedure appears to be its
heterogeneous reaction with sodium hydride in tetra-
hydrofuran. Under these conditions 9 was converted
to a mixture of isomers, as shown by structure 10, in
yields ranging from 90 to 999, For its use in the Hof-

(16) See the Experimental Section for an improved synthesis of 5.

(17) The combined yield of 7 and 8 observed was in the range of
about 15%, but conditions for optimizing the yield have not been thor-
oughly investigated.

(18) Preliminary publication of these results has been made: R. H.
Mitchell and V. Boekelheide, Tetrahedron Lett., 1197 (1970).

(19) F.Vogtle and P, Neumann, Tetrahedron, 26,5299 (1970).

(20) R. H. Mitchell and F. Sondheimer, J. Amer. Chem. Soc., 90,
530(1968).

(21) D. J. Cram, C. K, Dalton, and G. R. Knox, J. Amer. Chem.
Soc., 85,1088 (1963).

(22) R. H. Martin, G. Morren, and J. J. Schurter, Tetrahedron Lett.,
3683 (1969).

(23) B.R. Davis and 1. Bernal, J. Chem. Soc. B, 2307 (1971).
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mann elimination reaction the mixture of isomers corre-
sponding to 10 need not be separated. However,
chromatography of 10 over silica gel gave the principle
component (about 40 % of the mixture) in a pure state,
mp 213-214°, This isomer has been assigned structure
11 based on its nmr spectrum, which shows the molecule
to have a center of symmetry with two of the aromatic
protons being strongly deshielded by neighboring
pseudoequatorial sulfur atoms.

(MeO!,CH
—_———

8
BF,”

gl
Me—S Me

2BF,"~

Me+s M 2 Mes w SMe
THF ‘
10

The mixture 10 was again methylated to give the anti-
bis(sulfonium) salt 12 in 909 yield. Again various
conditions were investigated for effecting the Hofmann
elimination reaction but, in the case of 12, the best
procedure was the use of potassium tert-butoxide in
boiling tetrahydrofuran. This gave, after isolation and
purification, pure ¢rans-15,16-dimethyldihydropyrene
(14) in yields of 75-8097. Thus, the conversion of the
anti-2,11-dithia-9,18-dimethyl{3.3]cyclophane (8) to
trans-15,16-dimethyldihydropyrene (14) is conveniently
accomplished by a two-stage operation (Stevens rear-
rangement and Hofmann elimination) in overall yields of
63-68 7.

In all of the experiments on the Hofmann elimination
of 12, when the course of the reaction was monitored
using nmr, it could be shown that the first product
formed was the anti-8,16-dimethyl[2.2]Jmetacyclophane-
1,9-diene (13). The signals shown by 13 are an 4B,
triplet at 7 3.00 (2 H, J = 7.5 Hz, H,), an AB; doublet at
340 4 H, J = 7.5 Hz, H), a singlet at 3,72
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{MeO},CH

0 ——
BF,

4 -
KOC,H,
HF

+ O +
Me.S SMe, —T-—-—>
‘ 2BF,”
12

X 0
34

(4 H, H.), and a singlet at 8.45 (6 H, CHj). After
chromatography over silica gel, the trans-15,16-di-
methyldihydropyrene (14) is free of the presence of the
diene 13, as measured by nmr. On the other hand, as
has been reported previously,*?* either irradiation or
heating of 14 causes valence tautomerization to 13.

In addition to 14 there could also be isolated from the
Hofmann elimination reaction varying amounts of the
sulfide 15. Under the conditions cited above the yield
of 15 was only 79. However, when 12 was treated
with potassium tert-butoxide in boiling fert-butyl
alcohol, the yield of zrans-15,16-dimethyldihydropyrene
(14) was only 389 and the yield of 15 was 6097, It is
somewhat surprising that the displacement reaction lead-
ing to 15 should be competitive with the elimination re-
action. However, it was shown that 15 could be con-
verted on to 14 by irradiation in the presence of base.
Presumably, irradiation of 15 gives the valence tautomer
16, which then readily undergoes a base-catalyzed
elimination of methyl mercaptan to generate the
aromatic 14.

In view of the fact that previous studies with syn-
[2.2]Jmetacyclophane-1,9-dienes have not led to the
isolation of cis dihydropyrenes as discrete entities, 2523
it was of interest to see whether the syn isomer 7 could
be converted via the two stage Stevens rearrangement-
Hofmann elimination sequence to c¢is-15,16-dimethyl-
dihydropyrene (21). Treatment of 7 with dimethoxy-
carbonium fluoroborate gave the corresponding syn-
bis(sulfonium) salt 17 in 839 yield. When 17 was
stirred with sodium hydride in tetrahydrofuran, the
Stevens rearrangement occurred in essentially quantita-

(24) H.-R. Blattmann and W, Schmidt, Tetrahedron, 26, 5885 (1970).

(25) B. A. Hess, Jr., A. S. Bailey, B. Bartusek, and V. Boekelheide
J. Amer. Chem. Soc., 91, 1665 (1969).

(26) B. A. Hess, Jr., and V. Boekelheide, J. Amer. Chem. Soc., 91,
1672 (1969).

(27) H. B. Renfroe, J. Amer. Chem. Soc., 90, 2194 (1968).

(28) V. Boekelheide and R. A. Hollins, J. Org. Chem., 36, 2437
(1971).
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tive overall yield, but the product was a mixture of the
anti and syn isomers (10 and 18) in a ratio of 3:1, as
measured by nmr. The differences in chemical shift
for the internal methyls of the syn and anti isomers (7
7.7-8.2 vs. 9.0-9.5) makes this an easy analysis.

— Me

S—Me

17 18

Although the isomerization of the major portion
of the cyclophane 17 from syn to anti during the Stevens
rearrangement was unexpected, it is in accord with the
postulate of an open intermediate, diradical or ionic,
which by flipping from syn to anti provides relief from
the high degree of strain in the syn conformer. Invok-
ing a diradical intermediate such as 19, one can visualize
the isomerization to 20 as shown below.

S—M S—Me
¢ BF,
17 — —
o = k)
Me ’
C—S SMe
AN
| CH, 20
H !
1
19 ¥
10

The mixture of 10 and 18 was again methylated and,
without further purification, was subjected to a Hof-
mann elimination using potassium fert-butoxide in
tetrahydrofuran. Isolation of the products by chroma-
tography over alumina led to two separate green bands.
The first of these was present in 28 97 yield and was
shown to be trans-15,16-dimethyldihydropyrene (14).
The second compound, isolated in 1097 yield, proved to
be the desired cis-15,16-dimethyldihydropyrene (21).
Since the ratio of the trans to cis dihydropyrene isomers
is approximately the same as the ratio of the anti to
syn cyclophanes, it would appear that the Hofmann
elimination has occurred without further conformational
isomerization.

H,

@ Hl)

MeO (+?H H

1.(3 P2 + 14
2. ¢-C:H:.0K

21

Molecular models of cis-15,16-dimethyldihydropyrene
(21) indicate that the perimeter is quite planar with the
molecule having the overall shape of a shallow saucer.
The internal methyls of 21 would be expected to be far-
ther out from the center of the plane than in the trans
case, and in accord with this, the signal for the chemical

10 and 18

shift of their protons in the nmr appears as a singlet at
7 12.06, whereas the corresponding signal for the trans
isomer is at 7 14.25. The aromatic peripheral protons
of 21 appear as a singlet at 7 1.26 (4 H, H.), an AB,
doublet at 1.76 (4 H, J = 8 Hz, H), and an 4B, triplet
at 2,50 (2 H, J = 8 Hz, H.), in close analogy to the
values found for 14. Likewise, the ultraviolet and
visible spectrum of 21 is very similar to that of the trans
isomer 14 but with lower extinction coefficients and a
small shift of the maxima to shorter wavelengths.
Thus, the absorption maxima for cis-15,16-dimethyl-
dihydropyrene (21) are at 310 nm (e 5300), 328 (22,400),
335 (15,800), 355 (11,600), 396 (1130), 420 (1740), 439
(3820), 506 (26), 564 (62), 581 (66), and 601 (70).2¢
Again, similar to the trans isomer 14, the fragmentation
pattern of the mass spectrum of c¢is-15,16-dimethyl-
dihydropyrene (21) showed sequential loss of the in-
ternal methyl groups with the molecular ion of pyrene
providing the most intense peak.

One of the most striking features of trans-15,16-di-
methyldihydropyrene (14) is its reversible valence tauto-
merization to the corresponding anti-cyclophane-1,9-
diene (14 = 13) on heating or exposure to light.5?2*
Even though both processes occur readily and, appar-
ently, in a concerted fashion, the rules regarding con-
servation of orbital symmetry?! predict the photo-
chemical process to be allowed and the thermal process
to be forbidden. For the cis isomer 21, the conserva-
tion of orbital symmetry rules would predict the reverse
with the thermal valence tautomerization to syn-
cyclophane-1,9-diene (22) being an allowed process
whereas the photochemical isomerization would be
forbidden. In fact, we have no experimental evidence
that a reversible tautomerization to 22 occurs either
thermally or photochemically. Irradiation of 21 led
to a slow and irreversible loss of color, suggesting a
photochemical decomposition but with no indication of
any formation of 22.32

22

The preparation of the parent compound in this series,
trans-15,16-dihydropyrene (35), has been long sought.??

(29) The comparative ultraviolet and visible spectra of cis- and
trans-15,16-dimethyldihydropyrenes (14 and 21) are presented in the
preliminary announcement describing the synthesis of 21; see R. H.
Mitchell and V. Boekelheide, Chem. Commun., 1555 (1970).

(30) W, Schmidt, Helv. Chim. Acta, 54,862 (1971).

(31) R. B. Woodward and R. Hoffmann, Angew. Chem., 81, 797
(1969).

(32) trans-15,16-Dimethyldihydropyrene (14) undergoes a thermal
rearrangement (V. Boekelheide and E. Sturm, J. Amer. Chem. Soc.,
91, 902 (1969)] which has been interpreted as a 1,5-sigmatropic shift.
It would be expected that this type of thermal rearrangement would be
even more facile in the cis series.

(33) W. Neunhoeffer and W, Woggen [Angew. Chem., 68, 386 (1956)]
speculated that a blue-green substance resulting from a sodium reduc-
tion of pyrene might be 35. Their subsequent investigations [Justus
Liebigs Ann. Chem., 600, 34 (1956); ibid., 612, 98 (1958)], as well as our
own experiments, gave no encouragement to the possibility of preparing
35 this way. In fact, the sodium reduction of pyrene followed by mild
air oxidation gives the interesting 1,9-trimethylenephenalenyl radical:
F. Gerson, E. Heilbronner, H. A. Reddoch, D. H. Paskovich, and N. C.
Das, Hely. Chim. Acta, 50, 813 (1967)).
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It was of interest, therefore, to see whether the Stevens
rearrangement—-Hofmann sequence could be employed
to achieve this goal. The reaction of m-xylylene di-
bromide (23) with 1,3-bis(mercaptomethyl)benzene (24)
in aqueous ethanol gave 2,1l-dithia[3.3]Jmetacyclo-
phane (25) in 809 yield. The fact that halides con-
dense with mercaptide anions to give medium-sized
rings in excellent yield without employing high dilution
procedures is a very real advantage for using these cyclic
sulfides as starting materials.?* The nmr spectrum of
2,11-dithia[3.3]metacyclophane (25) shows the methy-
lene protons as a singlet at 7 6.28, which remains un-
changed even when the solution is cooled to —90°.
Thus, the energy barrier to conformational flipping be-

tween the syn and anti isomers of 25 is quite small.
BrCH, CH,Br

23

+

MeO CH

2. QH OK

HSCH, CH;SH

26

Methylation of 25 with dimethoxycarbonium fluoro-
borate gave the corresponding sulfonium salt and this,
on treatment with potassium fert-butoxide in tetra-
hydrofuran, underwent the Stevens rearrangement to
give 26 as a mixture of isomers in essentially quantita-
tive yield overall. Chromatography of 26 permitted
separation and isolation of each of the four com-
ponents of the mixture in a pure state. Based on nmr
spectral evidence (see Experimental Section), structures
27-30 have been assigned to the individual isomers
with their relative percentage yields being 28, 45, 10, and
17 %, respectively.

For further characterization, each of the individual
isomers, 27-30, was converted to the corresponding
bis(sulfonium) salt by reaction with dimethoxycarbo-
nium fluoroborate. However, for preparative purposes,
the mixture of isomers (26) was simply methylated
directly and the resulting mixture of bis(sulfonium) salts
was treated with potassium rert-butoxide in tetrahydro-
furan. Chromatographic work-up gave the Hofmann
elimination product, anti{2.2]metacyclophane-1,9-diene

(34) The procedure described in the Experimental for preparing 25
has by now been employed for the syntheses of a number of different
dithiacyclophanes with the yields observed being in the range of 75—
907 [J. A. Lawson, R. DuVernet, and V. Boekelheide, J. Amer. Chem.
Soc., 95, 956 (1973); V. Boekelheide, O. Wennerstrom, and R. Du-
Vernet, unpublished work]. F. Vogtle [Chem. Ind. (London), 346 (1972)]
has described a high dilution apparatus which appears to be quite useful
for synthesizing dioxocyclophanes but in our experience is not neces-
sary in most instances for preparing dithiacyclophanes.

(35) T. Sato, M. Wakabayashi, M. Kainosho, and K. Hata, Tetra-
hedron Lett., 4185 (1968), have previously described the preparation of
25 and reported on its ease of conformational flipping. This has also
been )described by F. Vogtle and L. Schunder, Chem. Ber., 102, 2677
(1969).
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29 (10%) 30 (17%)
(31), in 35 9 yield, plus two other products correspond-

ing to a single elimination-Stevens rearrangement (32,
319) and a double Stevens rearrangement (33, 19 7).

+
1. (Me0),CH
—_—
2. C,H,0K

CH.SMe
MeSCH., CH.SMe

The spectral properties of 31 are clearly in agreement
with its assignment as anti-{2.2]metacyclophane-1,9-
diene. The compound shows a single absorption band
at 280 nm (e 28,000) in the ultraviolet. Its nmr spectrum
has a singlet at 7 2.10 (2 H, Hy), an 4B, multiplet at 2.99
(2 H, H,), an AB, multiplet at 3.40 (4 H, H,), and a
singlet at 3.78 (4 H, H,). The mass spectrum of 31
shows a signal for the parent molecular ion, followed
by sequential loss of two hydrogens with the pyrene
molecular ion being the most intense signal in the spec-
trum. Hydrogenation of 31 over a platinum catalyst
gave the known anti-{2.2]metacyclophane (34) in quanti-
tative yield.

Finally, an X-ray crystallographic examination of
anti-[2.2]metacyclophane-1,9-diene (31) by Hansen and
Ro&hrl has confirmed its structure.?® The X-ray data
show 31 to be much more flattened out than anti{2.2]-

(36) A. W, Hanson and M. Rohrl, Acta Crystallogr., Sect. B, 28,
2032 (1972).
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metacyclophane (34). Thus, the distance between the
8 and 16 carbons of 34 is 2.69 A, whereas in 31 the
separation is only 2.57 A.%® One of the striking spectral
differences between 31 and 34 is the chemical shift of the
internal protons at the 8 and 16 positions. In 34 the
signal for these protons appears at 7 5.75, whereas in 31
it appears at 7 2.10. The magnitude of the downfield
shift of these protons in going from 34 to 31 is too large
to be simply explained as due to the anisotropy of the
bridging olefinic linkages and a large part of the down-
field shift must come from the flattening out of the mole-
cule in 31 which moves the internal protons from being
near the center of the opposite aromatic ring, as in 34,
to a position nearer the edge where the ring current
effect is smaller.

The fact that anti-[2.2]metacyclophane-1,9-diene (31)
can be isolated after chromatography and be studied as
a pure, crystalline compound is rather in contrast to the
8,16-dialkyl[2.2]metacyclophane-1,9-dienes which spon-
taneously isomerize to the corresponding trans-15,16-
dihydropyrenes. It is not clear whether the equilibrium
in the valence tautomerization of 31 = 35 strongly
favors 31 or whether the energy of activation for the
valence tautomerization of 31 — 35 is very much higher
than is the case for the 8,16-dialkyl derivatives. When
the pale yellow crystals of 31 are sealed in a capillary
melting point tube and placed in a bath at a tempera-
ture a few degrees from their melting point, they im-
mediately become a deep green and melt sharply at 119-
120°. If the bath is cooled to allow the melt to solidify
and then reheated, the green solid melts over a range
indicating the presence of a mixture. This suggests
that at 120° thermal isomerization of 31 to 35 is occur-
ring very readily. However, if the green melt is main-
tained at 120° for a few minutes, the green color is lost
and the predominant product is pyrene plus some tetra-
hydro and higher hydrogenated pyrene derivatives.
Heating a sample of 31 in the presence of air likewise
results in a rapid conversion to pyrene (36).

The possible valence tautomerization of 31 by irradia-
tion was next investigated. When a sample of 31 in
carefully degassed cyclohexane was exposed to light of
2537 A, the solution became a deep green. Nmr anal-
ysis of the solution after 1.5 hr of irradiation indicated
the presence of a mixture containing 609 trans-15,16-
dihydropyrene (35), 359 of pyrene (36), and 597 of the
starting diene (31). The nmr spectrum of pure 36
could be simulated by computer subtraction of the
pyrene signals from the observed spectrum, and it
shows a singlet at = 1.42 (4 H, H.), an AB, doublet at
1.50 (4 H,J = 7.5 Hz, Hy), an AB, multiplet at 1.98-2.11
(2 H,J = 7.5 Hz, H.), and a singlet at 15.49 (2 H, Hy).*®
The ultraviolet and visible spectrum of 35, based on
measurements of irradiated, degassed cyclohexane
solutions of 31, showed absorption maxima at 623 nm
(e 590), 607 (515), 595 (543), 582 (305), 571 (248), 566
(183), 553 (120), 523.5 (139), 516 (130), 506 (103), 497
(110), 444 (9700), 432 (9300), 412 (7300), 394 (7200),

(37) C.1J.Brown,J. Chem. Soc.,3278 (1953).

(38) It should be noted that prior to the availability of the X-ray
results, W, Schmidt [Helv. Chim. Acta, 54, 862 (1971)] made an extended
Hiickel calculation of the energy surface of 31 as the distance between
the 8 and 16 positions was varied from 1.53 to 2.70 A. By this calcula-
tion a minimum occurs at 2,55 A.

(39) In a preliminary publication [R. H. Mitchell and V. Boekelheide
J. Amer. Chem. Soc., 92, 3510 (1970)] the simulated and experimental
spectra of 35 are presented,

361 (36,000), 355 (25,000), 325 (29,000), 305 (25,000),
272 (22,000), and 262 (15,000).

Prolonged irradiation of the degassed cyclohexane
solutions resulted in the complete conversion of 35 to
pyrene (36). Similarly, exposing solutions of 35 to air
led to a rapid, but not instantaneous, oxidation to
pyrene. On the other hand, sealed solutions of 35 in
degassed cyclohexane can be stored more or less in-
definitely at 0° without change. When solutions of 35
were warmed to 80° or higher, fairly rapid loss of color
occurred, apparently due to a thermal rearrangement
of the type mentioned previously. 32

Although 26 was a mixture of both syn and anti
isomers, only the anti-[2.2]metacyclophane-1,9-diene
(31) was obtained by the Hofmann elimination and none
of the corresponding syn isomer. Surprisingly, when
the pure syn isomer 27, or each of the other pure anti
isomers, was subjected separately to the conditions of
Hofmann elimination, the results were the same, only
the anti diene 31 is formed. Even though the energy
barrier for the conformational flip of anti-[2.2]Jmetacyclo-
phane to syn-[2.2]metacyclophane is known to be quite
large, being at least 28 kcal/mol,? the barrier for con-
formational flip from syn to anti is apparently rather
small.? In the present instance it is not clear whether
the transformation of syn isomer 27 to anti isomer 31 is
the result of a conformational flip or a bond-breaking,
bond-remaking process. Actually, the syn isomer 27
is unexpectedly stable thermally. In an nmr study a
sample of 27 in perchlorobutadiene was heated to 190°
and showed no change.

In the light of these results an attempt was made to
convert 27 by desulfurization with Raney nickel to the
syn-[2.2]metacyclophane, a still unknown, but much
sought-after, compound. However, instead, the prod-
uct, which formed in quantitative yield, was the anti-
[2.2]Jmetacyctophane (34).

In an attempt to avoid the possibility of conforma-
tional flip, the Raney nickel desulfurization of the syn-
8,16-dimethyl derivative 18 was investigated. Again
the resulting 8,16-dimethyl[2.2]Jmetacyclophane was
entirely the anti isomer 37 with no evidence for the
presence of any of the syn isomer.

Since Raney nickel desulfurizations presumably in-
volve radical intermediates and these radicals might
undergo easy conformational flip, we investigated alter-
nate methods of desulfurization. When the syn isomer
27 was allowed to react with sodium in liquid ammonia
for 90 sec, it gave the anti isomer 34 plus compounds 38
and 39. With longer reaction times the yield of 34 fell
and the yields of 38 and 39 increased. This is in accord
with the postulate that 38 and 39 are actually being
formed through the Birch reduction of anti-[2.2]meta-
cyclophane (34).*!

(40) V. Boekelheide and R. A. Hollins, J. Amer. Chem. Soc., 95,

3201 (1973).
(41) I. Reiner and W. Jenny [Helv. Chim. Acta, 52, 1624 (1969)] have
recently reported that the Birch reduction of 34 gives 39.
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Experimental Section*?

Stevens Rearrangement of Dibenzyl Sulfide (1). A solution of
2.14 g of dibenzyl sulfide*? (10 mmol) in 5 ml of dichloromethane
was added to 12.5 mmol of dimethoxycarbonium fluoroborate re-
agent!®® in 3 ml of dichloromethane at room temperature under
an atmosphere of nitrogen. This gave 3.15 g (100%) of 2 which,
after recrystallization from ethyl acetate, melted at 115-116°.
It decomposed on standing and so was used directly. A suspension
of 500 mg of 2 and 84 mg of sodium hydride in 10 ml of dry tetra-
hydrofuran was stirred at room temperature under nitrogen for
22 hr. After addition of dilute aqueous acid the mixture was ex-
tracted with ether. The ether extract was washed with water,
dried, and concentrated. The resulting oil was chromatographed
over silica gel using a 1:9 benzeneé-petroleum ether (30-60°) mix-
ture for elution. The first fraction (18 mg) was shown by its nmr
spectrum to be bibenzyl. The second fraction gave 204 mg (5777)
of a colorless oil whose spectral properties indicated it to be the
Sommelet product 4: nmr multiplet at r 2.2-3.0 (9 H, ArH), a
singlet at 4.75 (1 H, CH), a singlet at 7.70 (3 H, CH;), and a singlet
at 8.07 (3 H, SCH;); mass spectrum (70 eV), m/e (rel intensity)
228 (8)and 181 (100).

Anal. Caled for CisHieS:  C, 78.92; H, 7.06; S, 14.02. Found:
C,79.03; H,7.20; S, 13.89.

The third fraction from the chromatography gave 74 mg (21 %) of
a colorless oil, whose spectral properties are in accord with the
Stevens rearrangement product 3: nmr multiplet at 7 2.6-3.0
(10 H, ArH), a triplet at 4.08 (1 H, J = 7 Hz, CH), a doublet at 6.77
(2 H,J = 7 Hz, -CHy-), and a singlet at 8.18 (3 H, SCH;); mass
spectrum (70 eV) m/e (rel intensity) 228 (8), 181 (14), 180 (9), and
137 (100).

Anal. Caled for CisHiS: C, 78.92; H, 7.06. Found: C,
78.77; H,7.25.

Alternate Synthesis of 2,6-Bis(bromomethyl)toluene (5). A.
2-Methylisophthalaldehyde. To a solution of 24.2 g of 2,6-dicy-
anotoluene*4 in 200 ml of dry benzene under a nitrogen atmosphere
there was added dropwise with stirring at room temperature 290
ml of a 209 solution of di(isobutyl)aluminum hydride in hexane.
After the addition was complete, the deep orange solution was
allowed to stir an additional hour at room temperature before
being decomposed by the careful successive additions of 40 ml of
methanol, 60 ml of a 1:1 aqueous methanol solution, and finally
220 ml of a 4 N aqueous solution of hydrochloric acid. After
extraction of the resulting mixture with ether, the ether extract
was washed with water, dried, and concentrated to give 25.2 g
(99 %) of colorless crystals. A sample, recrystallized from methanol,
yielded colorless needles: mp 101-102°; nmr a singlet at r —0.50
(2 H, CH=0), an AB. multiplet at 1.8-2.7 (3 H, ArH), and a
singlet at 6.96 (3 H, CHj).

Anal. Caled for C,H;zO.:
72.97; H,5.54,

B. 2,6-Bis(thydroxymethyl)toluene. A solution of 25.0 g of
2-methylisophthalaldehyde in 180 ml of dry tetrahydrofuran was
added to a slurry of 4.3 g of sodium borohydride in 50 ml of dry
tetrahydrofuran with stirring at room temperature. After the

C, 7296, H, 544, Found: C,

(42) Elemental and mass spectral analyses were determined by Dr-
S. Rottschaefer, University of Oregon Microanalytical Laboratories.
Melting points are uncorrected and were taken with a Mel-Temp ap-
paratus; infrared spectra were measured with a Beckman IR-5; or
IR-7 instrument; visible and ultraviolet spectra with a Cary 15; nmr
spectra were measured using deuteriochloroform with tetramethylsilane
as an internal standard, unless otherwise specified, and were obtained
with a Varian A-60, HA-100, or XL-100 instrument; and mass spectra
with a Consolidated Model 21-110 spectrometer. We thank the Na-
tional Science Foundation for funds used toward the purchase of the
Varian XL-100.

(43) R.L. Shriner, J. Amer. Chem. Soc., 52,2066 (1930).

(44) Prepared in 5797 yield by the von Braun reaction of 2,6-di-
chlorotoluene with cuprous cyanide following the procedure of M. S.
Newman, “Organic Syntheses,” Collect. Vol. 3, Wiley, New York,
N.Y., 1955, p 631.
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mixture had been stirred at room temperature for 2 hr, it was de-
composed by addition of 100 ml of 3 N aqueous hydrochloric acid.
After extraction of the mixture with ether, the ether extract was
washed with water, dried, and concentrated to give 23.2 g (92%)
of colorless crystals, mp 123-124°, identical in all respects with an
authentic sample of 2,6-bis(hydroxymethyl)toluene.# The con-
version of 2,6-bis(hydroxymethyl)toluene to 5 proceeded in 959
yield following the procedure given previously.*

2,6-Bis(mercaptomethyl)toluene (6). A. 2,6-Bis(isothiouronium-
methyl)toluene Dibromide. To a hot solution of 7.6 g of thiourea
in 75 ml of alcohol there was added portionwise with stirring 13.9 g
of 2,6-bis(bromomethyl)toluene (5). An exothermic reaction
ensued and, after addition was complete, the mixture was boiled
under reflux an additional 30 min. When the solution was con-
centrated to half-volume and cooled, there separated 19 g (89%)
of white crystals, mp 242-243°,

Anal. Caled for C;iHisS:NyBr.:
Found: C,30.06;H,4.37;N,13,12.

B. Hydrolysis of 2,6-Bis(isothiouroniummethyl)toluene Dibro-
mide. A solution of 12.7 g of 2,6-bis(isothiouroniummethyl)-
toluene dibromide in a mixture of 51.5 g of potassium hydroxide
in 140 ml of water was boiled under reflux for 5 hr. The mixture
was then cooled, 60 ml of 9 M aqueous sulfuric acid was added,
and the whole was extracted with ether. The ether extract was
washed with water, dried, and concentrated to give 5.3 g (99%)
of a crystalline solid. A sample was recrystallized from a benzene-
hexane mixture to yield colorless needles: mp 40-41°; nmr a
singlet at 7 2,94 (3 H, ArH), a doublet at 6.36 (4 H, J = 7 Hz,
—-CH:-), a singlet at 7.68 (3 H, CH;), and a triplet at 8.39 (2 H, J =
7 Hz, SH); mass spectrum (70 eV) m/e (rel intensity) 184 (40), 151
(38),150(45), and 117 (100); ir (neat) 2560 cm~! (-SH).

Anal. Calcd for CoHiS:: C, 58.69; H. 6.57; S, 34.75.
C, 58.75, H, 6.35: S, 34.70.

Coupling of 5 and 6. A solution of 13.9 g of 2,6-bis(bromo-
methyl)toluene (5) in 350 ml of a 4:1 ethanol-benzene mixture was
placed in one Hershberg funnel and 9.2 g of 2,6-bis(mercapto-
methyl)toluene (6) in 300 ml of ethanol containing 4 g of sodium
hydroxide dissolved in 65 ml of water was placed in a second Hersh-
berg funnel. The solutions from the two Hershberg funnels were
then added dropwise simultaneously, and at the same rate, to 1 1. of
vigorously boiling ethanol. When the addition was complete
(12 hr), the solution was boiled an additional 2 hr before being
cooled and concentrated. Dichloromethane and water were added
to the residue. The dichloromethane extract was washed with
water, dried, and concentrated. The residue was preabsorbed on a
silica gel column and eluted using a 1:1 mixture of benzene-petro-
leum ether (bp 30-60°). This chromatography gave four fractions:
the first consisted of a mixture of 7 and 8 while the remaining three
were products of higher molecular weight.

A.  anti<9,18-Dimethy1-2,11-dithia[3.3]metacyclophane (8). The
mixture of 7 and 8 obtained from the first fraction from the chro-
matography experiment above was recrystallized from benzene.
This gave the principal portion as pure crystals of the anti isomer 8.
The residue from them other liquors was then rechromatographed
over silica gel using a 3:7 benzene-petroleum ether (30-60°) mixture
for elution. The crystals from the first fraction eluted were com-
bined with the previous sample of 8 and recrystallized from benzene
to give 2.35 g (15.7%) of colorless crystals, mp 260-265°; uv (EtOH)
256 nm (e 2340). 278 (1580). 300 (895), and 350 (35, tail); nmr a
multiplet at 7 2.6--3.0 (6 H, ArH), a singlet at 6.32 (8 H, ~-CH;-),
and a singlet at 8.70 (6 H, CH;); mass spectrum (70 eV) m/e (rel
intensity) 300 (100), 266 (8), 151 (54), 150 (30), 149 (48), 148 (45),
and 147 (42).

Anal. Calcd for CigHaoSs:
C,72.02; H,6.78: S, 21.61.

B. syn-9,18-Dimethyl-2,11-dithia[3.3]metacyclophane (7). The
solid isolated from the second fraction of the above experiment was
recrystallized from a 1:9 benzene-hexane mixture to give 215 mg
(1.4%) of colorless crystals: mp 238-240°; uv (EtOH) 235 nm
(e 5600), 260 (3500), 295 (247), and 350 (28, tail); nmr a singlet at
7 3.41 (6 H, ArH), an AB quartet with the A doublet at 6.00 (4 H,
J = 14 Hz, -CH,-) and the B doublet at 6.20 (4 H, / = 14 Hz,
—CH.-), and a singlet at 7.49 (6 H, CH;); mass spectrum (70 eV)
m/e (rel intensity) 300 (100), 266 (29), 235 (18). 180 (18). 150 (125),
149 (85), 148 (130), 147 (115),and 146 (111).

C, 30.71; H, 4.22; N, 13.03.

Found:

C,71.98; H, 6.71; S, 21.31. Found:

(45) W. S, Lindsay, P. Stokes, L. G. Humber, and V. Boekelheide,
J. Amer. Chem. Soc., 83,943 (1961).
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Anal. Calcd for CisHaS,:  C,71.98; H, 6.71; S, 21.31,
C,71.89; H, 673, S, 21.42,
C. Cyclic Trimer Disulfide 40, The second fraction from the

Found:

CH,—S,—CH,
CHg\ Me Me Me/ CH,
S—CH, CH,—S
40

original chromatography described above gave a crystalline solid
to which structure 40 has been assigned based on its composition
and spectral properties. Recrystallization from a benzene-hexane
mixture gave 150 mg (1%) of white crystals: mp 208-209°; nmr
a singlet at 7 2.86 (9 H, ArH), three singlets at 6.25, 6.38, and 6.43
(4 H each, CH,), a singlet at 7.80 (3 H, CH; remote from -SS-),
and a singlet at 8.24 (6 H, CH; near —-SS-); mass spectrum (70 eV)
m/e (rel intensity) 482 (100).

Anal. Caled for CyH30Ss: C, 67.20; H, 6.27; S, 26.53. Found:
C, 67.37, H, 6.31; S, 26.76.

D. Cyclic Trimer 41, The third fraction eluted from the

CH,—S—CH,
cH, Me Me Me/ CH,
\S—CH.Z CH,—S
41

original chromatography described above gave a crystalline solid
to which structure 41 has been assigned. Recrystallization from a
benzene-hexane mixture gave 1.23 g (8 %) of colorless needles:
mp 220-221°; nmr, a singlet at 7 2.89 (9 H, ArH), a singlet at 6.37
(12 H, -CH:-), and a singlet at 8.20 (9 H, CH;); mass spectrum
(70 eV) m/e (rel intensity) 450 (100).

Anal. Caled for CyH30S;: C,71.98; H, 6.27; S, 21,31,
C,72.16; H, 6.69; S, 21.54,

E. Cyclic Tetramer 42. The fourth fraction from the original

CHJQ—CHQ—S—CH_)«Q-CHZ
| Me Me |

S Me Me S
] CH,—S—CH, \
CH, CH,
42

chromatography described above gave crystals to which structure
42 has been assigned. Recrystallization from benzene gave 600 mg
(4%7) of colorless crystals: mp 200-202°; mass spectrum (70 eV)
mje (relintensity) 600 (69), 481 (40), 449 (50), and 270 (100).

Anal. Calcd for C;eHaoSs:  C,71.98; H, 6.71; S,21.31. Found:
C,71.84; H, 6.74; S, 21,25,

Although the coupling of 5 and 6 to give 7 and 8 appears to be
the preferred procedure, their preparation can also be accomplished
by the reaction of 2,6-bis(bromomethyl)toluene (5) with sodium sul-
fide. When 27.8 g of § in 700 ml of benzene was added dropwise
with stirring simultaneously with addition from a second Hershberg
funnel of a solution of 26 g of sodium sulfide nonahydrate in 700 ml
of aqueous ethanol (200 ml of water and 500 ml of ethanol) to a
boiling solution of 1 1. of ethanol and the reaction mixture was
worked up as before, there was obtained 1.81 g of 8 and 252 mg
(1.7%) of 7.

anti-Bis(sulfonium) Salt (9). A solution of 4.0 g of anti-8,16-
dimethyl-2,11-dithia[3.3]metacyclophane (8) in 150 ml of dichloro-
methane was added slowly with stirring to a suspension of 6.7 g of
dimethoxycarbonium fluoroborate in 10 ml of dichloromethane
held at —30° under a nitrogen atmosphere. When the addition
was complete, the mixture was allowed to warm to room tempera-
ture and was stirred another 4 hr. After addition of 30 ml of

Found:

ethyl acetate to dissolve excess reagent, the solid product was col-
lected by filtration, giving 6.65 g (99%) of an off-white powder,
mp 210° dec (turns red); nmr (DMSO-ds) a multiplet at = 2.1-2.8
(6 H, ArH), multiplet at 4.6-5.9 (8 H, ~-CH;-), a singlet at 6.72
(6 H, SCHy;), and a singlet at 8.95 (6 H, CH3).

Anal. Caled for CpHaeS:B:.Fs: C, 47.65; H, 5.20; S, 12.70.
Found: C,46.86;H,5.19;8,13.02.

Stevens Rearrangement of 9 to give 10. To a stirred suspension
of 6.65 g of 9 in 250 ml of dry tetrahydrofuran under a nitrogen
atmosphere there was added 3.25 g of solid potassium ters-butoxide.
The mixture was stirred for 5 min and then aqueous 6 N hydro-
chloric acid, water, and dichloromethane were added. The di-
chloromethane layer was separated, washed with water, dried, and
concentrated. The crystalline residue 10 weighed 4.08 g (94%)
and could be used directly in the next step, the Hofmann elimina-
tion. When a portion of the product, the mixture of isomers repre-
sented by 10, was chromatographed over silica gel using a 2:5
benzene—petroleum ether (30-60°) mixture for elution, the first
main fraction of eluate gave crystals consisting of single isomer (11).
Recrystallization of these from a cyclohexane-hexane mixture gave
colorless needles (about 409 of 10): mp 213-214°; nmr a triplet
atr 2.24(2H,J = 7 Hz, H,, deshielded by SMe), a multiplet at 2.7
3.2(4 H, ArH),adouble doubletat 598 2 H, Jv— = 3.5Hz, Jo—q =
12 Hz, Hy), a double doublet at 6.79 (2 H, Jo—v = 3.5Hz, J.—q = 12
Hz, H.), a coincidental double doublet at 7.38 (2 H, J4—. = 12 Hz,
Ja-»= 12 Hz, Ha), a singlet at 7.87 (6 H, SCH;), and a singlet at
9.36 (6 H, CHj;); mass spectrum (70 eV) m/e (rel intensity) 328
(100), 280 (43), and 265 (33).

Anal. Calcd for CyoHasS:: C,73.14; H, 7.37; S, 19.49. Found:
C,73.03; H,7.32; S,19.51,

The Stevens rearrangement of 9 to 10 was also carried out by
allowing 151 mg of 9 to react with a suspension of 30 mg of sodium
hydride in dry tetrahydrofuran. Work-up, as before, gave 98 mg
(10097) of 10, identical in its properties with that prepared above.

anti-Bis(sulfonium)Salt (12). A solution of 4.08 g of the mixture
of isomers 10 in 60 ml of dichloromethane was added with stirring
to a suspension of 5.6 g of dimethoxycarbonium fluoroborate in
10 ml of dichloromethane held at —30° under an atmosphere of
nitrogen. The mixture was allowed to warm to room tempera-
ture and was stirred an additional 4 hr. Then 40 ml of ethyl ace-
tate was added, the mixture was stirred, and the solvent was de-
canted. Fresh ethyl acetate (100 ml) was added to the oily residue
and it was stirred for 2 hr more. The resulting crystalline precipi-
tate was collected and dried, giving 5.90 g (90%) of off-white crys-
tals, mp dec at 300° with loss of dimethyl sulfide; nmr (DMSO-ds)
a multiplet at = 2.5-3.3 (6 H, ArH), a double doublet at 5.50 (2 H,
Ji = 11 Hz, J; = 4 Hz, ~-CHS-), a multiplet at 6.6-7.5 (4 H, -CH,-),
singlets at 6.89 and 7.31 (6 H each, -S(Me,)Mes), and a singlet at
9.49 (6 H, CH;).

Anal. Caled for CpoHjS:B,Fs:
Found: C,49.53;H,5.72;8,12.28.

Hofmann Elimination of 12 to give trans-15,16-Dimethyldihydro-
pyrene (14) and anti-10-Methylthio[2.2]metacyclophan-1-ene (15).
To a solution of 3.75 g of potassium tert-butoxide in 200 ml of
tetrahydrofuran there was added with stirring 5.9 g of 12. After
the mixture has been stirred at room temperature under a nitrogen
atmosphere for 4 hr, benzene was added and the mixture was made
acidic by addition of dilute aqueous hydrochloric acid. The organic
layer was separated, washed with water, dried, and concentrated.
An nmr spectrum of the crystalline green residue showed the ex-
pected signals for trans-15,16-dimethyldihydropyrene (14),% but
in addition showed strong signals of an AB; triplet at 7 3.00 (2 H,
J = 7.5 Hz, H.), an AB; doublet at 3.40 (4 H, J = 7.5 Hz, Hy).
a singlet at 3.72 (4 H, H,), and a singlet at 8.45 (6 H, CHj), cor-
responding to the presence of anti-8,16-dimethyl[2.2]metacyclo-
phane-1,9-diene (13).

The crystalline residue was taken up in a few ml of benzene, im-
pregnated on a silica gel column, and eluted with petroleum ether.
The first main fraction of eluate contained 1.93 g (75%) of dark
green crystals, mp 119-120°, identical in all respects with an authen-
tic sample of 14.4¢ Later fractions gave 162 mg (6%) of a yellow
oil corresponding to 15. When the Hofmann reaction with 12 was
carried out using sodium hydride in boiling tetrahydrofuran, the
yield of 14 was 80 %;. ]

However, when 50 mg of 12 was stirred with 112 mg of potassium
tert-butoxide in boiling rerz-butyl alcohol for 30 min and the mixture

C, 49.64; H, 5.68; S, 12.05.

(46) V. Boekelheide and J. B. Phillips, J. Amer. Chem. Soc., 89, 1695
(1967).
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was worked up as before, the yield of 14 was only 8 mg (38%)
whereas that of 15 was 27 mg (609). Finally, repetition of this
last experiment at room temperature gave almost entirely 15: nmr
a double doublet at 7 2.41 (1 H, ; = 7 Hz, J; = 1.5 Hz, H,), a
multiplet at 2.8-3.3 (5 H, ArH), a singlet at 3.44 (2 H, Hy), a double
doublet at 6.26 (1 H, Je-. = 11 Hz, J .—a= 3.5 Hz, H.), a double
doublet at 6.92 (1 H, Jg— = 12 Hz, J4—, = 3.5 Hz, Hy), a double
doublet at 7.58 (1 H, Jo—y = 12 Hz, Jo—. = 11 Hz, H.), a singlet at
7.92 (3 H, SCH;), and a singlet at 9.24 (6 H, CH;); mass spectrum
(70eV) m/e 280.

Anal. Calcd for CisHyS:  C, 81.40; H, 7.19; S, 11.41.
C,80.54; H, 7.03; S, 11.09.

A solution of 60 mg of 15 and 500 mg of potassium rert-butoxide
in 250 ml of rert-butyl alcohol was irradiated in a quartz tube under
nitrogen with light of wavelength 2537 A for 6 hr. Removal of
solvent followed by chromatography of the residue over silica gel
gave 18 mg (36%) of 14 as green crystals, mp 119-120°, identical
in all respects with an authentic sample. 46

Stevens Rearrangement and Hofmann Elimination Sequence with
7 to give cis-15,16-Dimethyldihydropyrene (21). A. syn-Bis(sulfo-
nium) Salt 17. A solution of 252 mg of 7 in 7 ml of dichloromethane
was added with stirring to a suspension of 425 mg of dimethoxy-
carbonium fluoroborate in 2 ml of dichloromethane held at —30°
under a nitrogen atmosphere. The mixture was warmed to room
temperature and stirred for 4 hr before adding 5 ml of ethyl acetate
to dissolve excess methylating agent. The white granular precipi-
tate was collected by filtration, washed with ethyl acetate, and dried
to give 350 mg (839) of crystals: mp dec with loss of dimethyl
sulfide; nmr (DMSO-ds) a multiplet at 7 3.0-3.2 (6 H, ArH), an AB
quartet at 4.86 and 5.15 (8 H, Jag = 13.5 Hz, -CH,-), a singlet at
6.81 (6 H, SCH;), and a singlet at 7.37 (6 H, CH;). Due to the easy
loss of dimethyl sulfide 17 did not give a satisfactory elemental
analysis,

B. Stevens Rearrangement of 17. To a stirred suspension of 32
mg of sodium hydride in 60 ml of dry tetrahydrofuran there was
added 220 mg of 17. The mixture was stirred for 9 hr before acid-
ifying with aqueous hydrochloric acid and adding dichloromethane.
The organic layer was separated, washed with water, dried, and
concentrated. The oily residue weighed 145 mg (10097) and its
spectral properties indicated it to be a mixture of the isomers repre-
sented by 10 and 18. Since the signals for the internal methyl
protons of the anti isomer 18 appear between 7 9.0-9.5, integration
of the areas of these signals made readily possible the conclusion
that the ratio of anti to syn isomers (10-18) was 3:1. Because of
the large number of isomers present and the difficulties of their
separation, the mixture of 10 and 18 was used directly in the Hof-
mann elimination step.

C. Hofmann Elimination of 10 and 18 to give 14 and 21. A solu-
tion of 145 mg of the mixture of isomers (10 and 18) from the
above experiment in 5 ml of dichloromethane was added with stir-
ring to a suspension of 220 mg of dimethoxycarbonium fluoroborate
held at —30° under a nitrogen atmosphere. The mixture was al-
lowed to warm to room temperature and stirred an additional 4 hr
before adding 10 ml of ethyl acetate. The solvent was decanted and
an additional 20 ml of ethyl acetate was added to the oily residue.
After this suspension had been stirred for 2 hr, the white powdery
precipitate was collected and dried to give 205 mg (88 %) of a mix-
ture of the bis(sulfonium) salts of 10 and 18 as an off-white powder.

To a solution of 100 mg of the mixture of bis(sulfonium) salts
of 10 and 18 in 50 ml of dry tetrahydrofuran there was added 55 mg
of potassium rert-butoxide and the resulting mixture was stirred
under nitrogen at room temperature for 1 hr. Then, 50 ml of
petroleum ether (30-60°) and 60 ml of 2 N aqueous hydrochloric
acid were added successively. The organic layer was separated,
washed with water, dried, and concentrated. The resulting green,
crystalline residue was taken up in petroleum ether and chroma-
tographed over alumina (Woelm neutral, activity II). The fraction
of eluate containing the first bright green band was collected and
concentrated to give 12.3 mg (28 %) of dark green crystals, mp 119-
120°, identical in all respects with an authentic specimen of trans-
15,16-dimethyldihydropyrene (14).46

The fraction of eluate containing the second green band from the
column was collected and concentrated to give 4.3 mg (10%) of
cis-15,16-dimethyldihydropyrene (21). Sublimation at room
temperature of the crystalline residue gave dark green crystals:
mp 90-95°; uv (cyclohexane) 310 nm (¢ 5300), 328 (22,400), 335
(15,800), 355 (11,600), 396 (1130), 420 (1740), 439 (15,800), 506 (26,
564 (62), 581 (66), and 6.02 (70); nmr a singlet at 7 1.26 (4 H, H.,),
an AB; doublet at 1.76 (4 H, / = 8 Hz, Hy), an AB, triplet at 2.50
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(2 H,J = 8 Hz, H,), and a singlet at 12.06 (6 H, CHj;); mass spec-
trum, mje (rel intensity) 232 (20}, 217 (47), and 202 (100).
Anal. Calcd molecular weight for CisHis: 232.125.
(high resolution mass spectrumy): 232.124,
2,11-Dithia[3.3]metacyclophane (25),* To a solution of 3.2 g
of sodium hydroxide in a mixture of 30 ml of water and 50 ml of
ethanol there was added 7.3 g of 1,3-bis(mercaptomethyl)benzene
(24) under nitrogen and the mixture was warmed gently until it
became clear. It was then diluted by addition of 500 ml of ethanol
and placed in a Hershberg funnel attached to one arm of a three-
necked flask. A solution of 10.0 g of m-xylylene dibromide (23)
in 500 ml of benzene was then placec in a Hershberg funnel at-
tached to the second side arm. The solutions from the two Hersh-
berg funnels were added simultaneously and dropwise with vigorous
stirring to 1.5 1. of boiling ethanol under nitrogen in the flask.
When the addition was complete (12 hr), the reaction mixture was
concentrated and the residue was extracted with dichloromethane.
After the dichloromethane extract was washed with water, dried,
and concentrated, the crystalline residue was chromatographed
over silica gel using a 1:1 benzene—petroleum ether (30-60°) mix-
ture for elution. The main eluate fraction gave 8.2 g (80%7) of
white crystals, mp 119-121°, Recrystallization of a sample from
cyclohexane gave long, colorless needles: mp 122-123°; nmr an
apparent doublet at 7 3.12 (6 H, J = 1 Hz, ArH), a singlet at 3.24
(2 H, internal ArH), and a singlet at 6,28 (8 H, CH:); mass spectrum
(70 eV) mje (rel intensity) 272 (100), 167 (20), 137 (54), 136 (46), and
135(28).
Anal. Calcd for Ci6HieSs:
C,70.44; H, 5.71, §, 23.78.
The formation of 2,11-dithia[3.3]metacyclophane (25) could also
be accomplished by the reaction of m-xylylene dibromide (23) with
sodium sulfide. In this case a solution of 25.0 g of 23 in 600 ml of
benzene was added from one Hershberg funnel and 25 g of sodium
sulfide nonahydrate in 550 ml of 709 aqueous ethanol from the
other to 1 1. of boiling ethanol. Work-up as before gave 6.0 g
(48%) of 25 as colorless needles, mp 122-123°, identical in all
respects with the previous specimen. In this case, though, further
elution of the column gave 1.3 g (10%) of fluffy, colorless needles:
mp 124-125°; nmr an apparent doublet at 7 274 (9 H,J = 1.5 Hz,
ArH), a singlet at 2.91 (3 H, internal ArH), and a singlet at 6.48
(12 H, -CH;-); mass spectrum (7) eV) m/e (rel intensity) 408 (100),
303 (35), and 271 (100). On the basis of this spectral data and its
elemental composition this product has been assigned the cyclic
trimer structure 43.

(IJHQ CH,
|
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43

Anal. Caled for G HaS;: C, 70.57; H, 5.92; S, 23.50. Found:
C,70.34; H, 5.89; S, 23.69.

Still further elution of the column yielded a third product. This,
after recrystallization from a benzene—cyclohexane mixture, gave
260 mg (2%)-of colorless needles: mp 161-162°; nmr a multiplet
at 7 2.8-2.9 (12 H, ArH), asinglet at 2.97 (4 H, internal ArH), and a
singlet at 6.43 (16 H, -CH>-); mass spectrum (70 eV) m/e (rel in-
tensity) 544 (100). This has been assigned the structure of the
cyclic tetramer 44.

Anal. Calcd for CyHzS,:
C,69.75; H, 6.04; S, 23.68.

Stevens Rearrangement of 25 to 26. A. 2,11.Dithia[3.3]metacy-
clophane Bis(methosulfonium) Fluoroborate. A solution of 5.6 g
of 2,11-dithia[3.3]metacyclophane (25) in 30 ml of dichloromethane
was added to a stirred suspension of 11.6 g of dimethoxycarbonium
fluoroborate in 10 ml of dichloromethane at —30° under nitrogen.
After the mixture had stirred for 4 hr, 30 ml of ethyl acetate was
added and the mixture was stirred an additional 30 min. The
crystalline precipitate was collected, washed with ethyl acetate,
and dried, giving 9.8 g of a white powder: mp 200° dec; nmr, broad

Found

C,70.57; H,5.92; §,23.50. Found:

C,70.57; H, 5.92; S, 23.50. Found:

(47) We thank Mr., C.-T. Tsai for repeating this procedure and pro-
viding some improvements,
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singlet at 7 2.48 (2 H, internal ArH), a multiplet at 2.6-3.0 (6 H,
ArH), an AB double doublet at 5.04 and 5.19 (8 H, / = 13 Hz,
CH,S*), and singlets at 6,73 and 6.86 (6 H, StCHj).

Anal. Caled for CisHaS:B:Fs: C, 45.41; H, 4.66: S, 13.47.
Found: C,45.32;H,4.71;S,13.19.

B. Stevens Rearrangement. To a stirred suspension of 9.5 g
of 2,11-dithia[3.3]metacyclophane bis(methosulfonium) fluoro-
borate in 250 ml of dry tetrahydrofuran there was added with stir-
ring 6.7 g of potassium terr-butoxide. After the mixture had been
stirred at room temperature for 10 min, it was made acidic with
aqueous hydrochloric acid and dichloromethane was added. The
organic layer was separated, washed with water, dried, and con-
centrated. The residue was taken up in benzene, impregnated on
a short silica gel column, and eluted with a 1:1 benzene-petroleum
ether (30-60°) mixture. This gave 6.0 g (100%) of 26 as crystals
consisting of a mixture of isomers 27-30. For use in the next
step the mixture of crystals (26) could be used directly.

However, to separate the individual components a 1.0-g sample
of 26 was chromatographed over silica gel using a 1:3 benzene-
petroleum ether (30-60°) mixture for elution. The first eluate
fraction provided a crystalline solid (27) which, after recrystalliza-
tion from a cyclohexane-hexane mixture, gave 280 mg (28%) of
colorless needles: mp 166-167°; uv (Et,0) 277 nm (e 480); nmr a
multiplet at 7 2.3-2.5 (2 H, H,), a triplet at 2.66 (2 H, J = 7 Hz, H,),
a multiplet at 2.8-3.1 (4 H, ArH), a double doublet at 5.70 (2 H,
Jab = Ja-e = 15 Hz, Ha), a multiple at 6.6-6.9 (4 H, Hy and H,),
and a singlet at 7.90 (6 H, SCH;); mass spectrum (70 eV) m/e (rel
intensity) 300 (17), 285 (3), 206 (17), 205 (73), 204 (100), 203 (52),
and 202 (94). This isomer has been assigned the syn conformation
27 because the internal aromatic protons are in the normal region
and do not show the dramatic upfield shift characteristic of the anti
isomers. Since this isomer shows a single SCH; signal, the environ-
ment of the two SCH; groups must be the same. Furthermore, the
Hx protons show a marked downfield shift as would be expected
for deshielding by a neighboring pseudoequatorial sulfur atom.
These data are best accommodated by structure 27.

Anal, Calcd for C15H20$2: C, 7198, H, 6.71 . S, 21.31.
C,71.78; H, 6.90; S, 21.12.

The second eluate fraction gave 460 mg (46%) of 28 which, after
recrystallization from a cyclohexane-hexane mixture, was obtained
as colorless needles: mp 132-133°; nmr a doublet of triplets at =
2.38 (1 H, Jortho = 7 Hz, Jnewn = 1.5 hz, Hy], a multiplet at 2.6~3.1
(5 H, ArH), singlets at 5.16 and 5.61 (1 H each, Hy and J,), a multi-
plet at 5.6-5.8 (2 H, H,), a multiplet at 6.6-6.9 (3 H, Hy), a quartet
at 7.47 (1 H, Jp-. = 12 Hz, J.—. = 4.5 Hz, H,), a singlet at 7.89
(3 H, SCH; equatorial), and a singlet at 8.11 (3 H, SCH; axial);
mass spectrum (70 eV) m/e (rel intensity) 300 (46), 285 (6), 206 (31),
205 (38), 204 (58), 203 (100), and 202 (58). This isomer has been
assigned the anti conformation 28. The upfield shift of the internal
protons (Hy and H, at 7 5.16 and 5.61) clearly require the anti
conformation. The two SCH; groups are clearly different—the
equatorial SCH; deshielding an aromatic proton (Hx) and the axial
SCH; deshielding an internal aromatic proton (Hy). These data
are best accommodated by structure 28.

Anal. Caled for CsHsoS,: C,71.98; H, 6.71; S, 21.31,
C,71.96; H, 6.58; S, 21.39.

The third eluate fraction gave 100 mg (10%) of 29 which, after
recrystallization from cyclohexane, was obtained as colorless crys-
tals: mp 219-220° dec; uv (Et.0) 272 nm (e 835); nmr multiplet
at r 2.7-3.0 (6 H, ArH), singlet at 5.02 (2 H, Hy), a double doublet
at 5.68 (2 H, J.—. = 5§ Hz, J, = 2.5 Hz, H,), a quartet at 6.79
(2 H, Jb—. = 13.5 Hz, Ju—. = 2.5 Hz, Hy), a quartet at 7.39 (2 H,
Jo—b = 13.5 Hz, J.—« = 5 Hz, H,), and a singlet at 8.08 (6 H, SCH;);
mass spectrum (70 eV) m/e (rel intensity) 300 (42), 285 (5), 206 (31),
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205 (43), 204 (60), 203 (100), and 202 (56). The upfield shift of
the internal protons and their appearance as a singlet require this
isomer to have a symmetrical anti conformation. Since there is no
downfield aromatic signal as would be expected if an equatorial
SCH; group were present, the SCH; groups must be axial and so the
only isomer accommodating these data is 29.

Anal. Caled for CsHaoS:: C,71.98; H, 6.71; S, 21.31,
C,71.93; H, 6.54; S,21.13,

The fourth fraction of eluate gave 180 mg (18%) of 30 which,
after recrystallization from a cyclohexane-hexane mixture, was
obtained as colorless crystals: mp 216-218° dec: uv (Et,0) 258
nm (e 1060), 273 (660, sh), 318 (60, sh), and 354 (47); nmr a multiplet
at 7 2.7-3.1 (6 H, ArH), singlet at 4.43 (1 H, H,), singlet at 5.67
(1 H, Hy), a quartet at 5,68 (2 H, Ja—. = 5 Hz, Juv, = 2.5 Hz, H,),
a double doublet at 6.82 (2 H, Jo—, = 13 Hz, J— = 2.5 Hz, Hy),
a quartet at 7.45 (2 H, Jo—» = 13 Hz, J,—. = 5 Hz, H,), and a singlet
at 8.09 (6 H, SCH;). The singlet for the SCH; groups indicates the
molecule is symmetrical, while the high field signal for the internal
protons confirms the anti conformation. The fact that Hy is at
markedly lower field than H, indicates both SCH; groups are ad-
jacent to the same ring. Since there is no downfield aromatic
proton signal due to pseudoequatorial SCH; deshielding, both SCH;
groups must be pseudoaxial. These data are best accommodated
by structure 30.

Anal. Calcd for C15Hgosz:
C,71.68; H, 6.69; S, 21.38.

Hofmann Elimination of 26 to give anti-[2.2]Metacyclophane-1,9-
diene (31) plus 32 and 33. A solution of 6.8 g of the mixture of
isomers 26 in 40 ml of dichloromethane was added at —30° to a
stirred suspension of 12,9 g of dimethoxycarbonium fluoroborate
in 10 ml of dichloromethane under nitrogen. After the mixture
had stirred for 4 hr while warming to room temperature, 20 mi of
ethyl acetate was added with continued stirring for an additional
15 min. The solvent was removed by decantation and the oily
residue was triturated with ethyl acetate effecting the separation of
10.9 g (96%) of the bis(sulfonium) salt as white crystals. These
were employed directly in the next step. To a solution of 10.9 g of
the bis(sulfonium) salt in 300 ml of dry tetrahydrofuran there was
added 14.0 g of potassium rerr-butoxide. The mixture was allowed
to stir at room temperature for 3 hr.

Benzene was added and the mixture was acidified with aqueous
hydrochloric acid. After the organic layer was separated, it was
washed with water, dried, and concentrated. The pale green resi-
due was taken up in petroleum ether (30-60°) and chromatographed
over silica gel. The first fraction of eluate contained 1.54 g of
anti-[2.2]metacyclophane-1,9-diene (31). This was carefully re-
crystallized from petroleum ether (45°) under nitrogen to give
large, pale-yellow crystals: mp 119-120° (sealed capillary placed
in the bath at 112°), instantly turning green; uv (cyclohexane) 280
nm (e 28,000); nmr a singlet at = 2.10 (2 H, Hx), an AB, multiplet
at 2.99 (2 H, H,), an AB; multiplet at 3.40 (4 H, Hy), and a singlet
at 3.78 (4 H, H.); mass spectrum (70 eV) m/e (rel intensity) 204 (25),
203 (62), 202 (100), 102 (5), 101.5 (9), 101 (42), 100.5 (8), and 100
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(20).
Anal. Caled for CsHp: C, 94.08; H, 5.92. Found: C,
94.00; H, 6.11.

The second fraction of eluate gave 1.70 g of an unstable yellow
oil which has been assigned structure 32, as a mixture of isomers.
Its spectral properties were: nmr a multiplet at 7 2.2-3.8 (7 H,ArH),
a multiplet at 4.0-4.3 (3 H, two vinyl protons plus a shielded ArH),
two doublets at 6.06 and 6.27 (1 H,J = 7.5 Hz,J = 6.5 Hz, -CHCH;
S-), a multiplet at 6.67-7.2 (2 H, -CH,-), multiplet at 7.4-7.9 (2 H,
—CH,S-), and a singlet at 8.51 (3 H, SCH;); mass spectrum (70 eV)
m/e (rel intensity) 266 (70), 205 (100), 204 (27), 203 (93), and 202
(83). The compound rapidly decomposed to a black oil and satis-
factory elemental analyses were not obtained.

The next fraction of eluate gave 1.36 g (1997) of a yellow oil
which, on treatment with ethanol, yielded pale yellow crystals, mp
144-150°. On the basis of their spectral properties these crystals
have been assigned the mixture of isomers represented by 33. The
nmr spectrum of 33 showed a multiplet at 7 2.5-4.5 (8 H, ArH), a
multiplet at 5.0-6.4 (2 H, -CHCH,-), a multiplet at 6.5-7.4 (4 H,
ArCH,), a multiplet at 7.4-8.1 (4 H, -CH,S-), and singlets at 7.94
and 8.32 (3 H each, SCH;); mass spectrum (70 eV) mje (rel/in-
tensity) 328 (35), 267 (55), 220 (100), 205 (48), 204 (41), 203 (66), and
202 (53). These crystals were unstable, darkening quickly, and
satisfactory elemental analyses were not obtained.

When the Hofmann elimination, as described above, was carried
out with 100 mg of the pure syn-bis(sulfonium) salt derived from 27,
there was isolated 16 mg (35%) of anti-[2.2lmetacyclophane-1,9-
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diene (30) but no evidence of the corresponding syn-[2.2] metacyclo-
phane-1,9-diene could be found. Similarly, subjecting the other
pure isomers (28, 29, and 30) to the conditions of the Hofmann
elimination gave essentially the same results as with 27.

Hydrogenation of anti-[2.2]Metacyclophane-1,9-diene (31) to
anti{2.2]Metacyclophane (34). A solution of 10 mg of 31 in 15 ml
of ethyl acetate was subjected to hydrogenation over a prereduced
platinum catalyst at room temperature and atmospheric pressure.
After removed of the solvent and catalyst, the residual crystals
melted at 131-132° and were identical in all respects with an authen-
tic specimen of anti<{2.2]metacyclophane (34).

Irradiation of 31 to Give trans-15,16-Dihydropyrene (35). A sam-
ple of 6 mg of anti-[2.2lmetacyclophane-1,9-diene (31) was sealed
under vacuum in 0.5 ml of carefully degassed cyclohexane. The
tube was irradiated with light of 2537 A from a 6 W source (Ultra-
violet Products PCOXI). Thecourse of the reaction was monitored
by nmr and after 1.5 hr the maximum concentration of 35 had de-
veloped. At that point the nmr analysis indicated the relative con-
stituents as 607 rrans-15,16-dihydropyrene (35), 359, pyrene (36),
and 5% of unchanged anti-[2.2]metacyclophane-1,9-diene (30). By
computer subtraction the nmr spectra of 36 and 31 could be removed
from the experimental spectrum and a simulated spectrum of 35 ob-
tained.®® The simulated nmr spectrum of 35 showed a singlet at 7
1.42 (4 H, H,), a doublet at 1.50 (4 H, J = 7.5 Hz, Hy), a multiplet
at 1.98-2.11 (2 H, H.), and a singlet at 15.49 (2 H, Hy).

To obtain the ultraviolet and visible spectra of 35 samples of
various sizes of 30 were sealed in carefully degassed cyclohexane in
quartz ultraviolet cells. The individual samples were then irra-
diated for varying lengths of time and their spectra taken, By com-
bining and analyzing these data minimal extinction coefficients
could be projected for each maximum as follows: 623 nm (e 590),
607 (515), 595 (543), 582 (305), 571 (248), 566 (183), 553 (120),
523.5 (139), 516 (130), 506 (103), 497 (110), 444 (9700), 432 (9300),
412 (7300), 394 (7200), 361 (36,000), 355 (25,000), 325 (29,000), 305
(25,000), 272 (22,000), and 262 (15,000).

When sample tubes of 1 in degassed cyclohexane were irradiated
for prolonged periods, the green color of 35 disappeared and the
only product to be isolated was pyrene in quantitative yield.

Similarly, when a sample tube containing maximal amounts of
35 was opened and air was allowed to enter, the green color of the
solution turned clear starting from the surface and extending to the
bottom. Again the only product to be isolated was pyrene, formed
in essentially quantitative yield.

When a sample of 31 sealed in degassed cyclohexane was ir-
radiated to give about 607 of 35, as measured by nmr, warming the
sealed sample at 80° for 12 hr caused a complete loss of color. The
nmr spectrum of the product showed a multiplet at 7 2.6-2.9 (3 H,
ArH), a multiplet at 2.9-3.2 with a singlet at 3.42 (7 H, CH=C), and
a broad singlet at 4.39 (2 H, CHCH=C). This nmr spectrum is in
reasonable accord with structure 45, the logical thermal product by
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analogy to the thermal rearrangement of the rrans-15,16-dialkyl-
dihydropyrenes. 32

Raney Nickel Desulfurization of 27. A solution of 150 mg of
27 in 30 ml of ethanol containing W-7 Raney nickel was boiled
under reflux for 6 hr. After removal of the catalyst and solvent,
the residue was taken up in petroleum ether and chromatographed
over silica gel. This gave 103 mg (99%) of colorless crystals, mp
131-132°, identical in all respects with an authentic sample of anti-
[2.2]metacyclophane (34).

Raney Nickel Desulfurization of 10 and 18. A solution of 20mg
of the 3:1 mixture of 10 and 18 (see earlier experiment for the prep-
aration of 18) in 15 ml of ethanol containing W-7 Raney nickel was
boiled under reflux for 5 hr. After removal of the catalyst and
solvent, the residue was recrystallized from hexane to give 11.5 mg
(90%7) of white crystals, mp 204-205°, identical in all respects with
an authentic sample of anti-8,16-dimethyl[2.2]metacyclophane.*

Birch Reduction of 27. A solution of 50 mg of 27 in 5 ml of dry
ether was added to 40 ml of a blue solution of liquid ammonia
containing a chip of sodium. After 5 min ammonium chloride was
added to discharge the blue color and the flask was warmed to room
temperature, The residue was taken up in ether, washed suc-
cessively with aqueous acid and water, dried, and concentrated.
This residue was taken up in petroleum ether (30-60°) and chro-
matographed over silica gel. The first fraction of eluate gave 10.1
mg (20%) of colorless crystals, mp 106-107°; the melting point
and nmr spectrum of this product are in full accord with the prop-
erties of 39, as reported by Reiner and Jenny.41

The second fraction of eluate gave 22 mg (66 %) of an oil: nmr
multiplet at 7 2.8-3.2 (4 H, ArH), a broad singlet at 4.25-4.45(2 H,
CH=C), and a multiplet at 7.0-8.6 (12 H, -CH.-); mass spectrum
(70 eV) mje (rel intensity) 210 (49), 195 (7), 182 (30), 105 (100),
and 91 (100). These spectral data are in accord with our assign-
ment of structure 38 to this product. As further proof, a solution
of 38 in benzene containing dichlorodicyanoquinone was boiled for
3 hr to effect aromatization and the only product to be isolated was
anti{2.2]metacyclophane in 91 7 yield.

The third fraction of eluate gave only a trace of 34.

When the Birch reduction of 27, as described above, was repeated
but the reaction time was cut from 5 min to 60 sec, the yields of
products were 38 (55%), 34 (429;), and 39 (trace).

Mitchell, Boekelheide | Syntheses of trans-15,16-Dihydropyrenes



