for 66 hr by which time all of the green color had been lost. The
solution was concentrated and the residue was chromatographed
over silica gel using hexane containing a trace of benzene. The
yellow fraction gave a yellow solid which, after recrystallization from
aqueous methanol, yielded 60 mg (88%,) of yellow crystals: mp
110-111°;  uv A= 352 mu (sh, ¢ 22,000), 260 (23,500), 272
(15,200), 298 (3720), 311 (4500), 325 (3550), 388 (4680), and 404
(sh, 3350); nmr (CCl,) multiplet at + 2.9-3.2 (3 H, ArH), a multiplet
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at 3.5-4.5(7 H,-CH=CH-), and a complex multiplet from 7.6 t0 9.5
(14 H, -CH,CH,CH;); mass spectrum m*/e 288 with major frag-
mentation peaks at 245 and 202. The mass spectrum of 18¢ is
virtually superimposable with that of 1c. The aromatic and vinyl
hydrogen region in the nmr spectrum of 18¢ is quite analogous to
that observed for 13,15-dimethyldihydropyrene (18a).2

Anal. Calcd for CxHi: C, 91.61; H, 8.39. Found: C,
91.54; H, 8.49.

Syntheses of [2.2]Metacyclophan-1-enes. An Alternate
Route to trans-15,16-Dialkyldihydropyrenes'™

Heinz Blaschke, C. E. Ramey, Ian Calder, and V. Boekelheide
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University of Oregon, Eugene, Oregon 97403. Received October 7, 1969

Abstract:

It is shown that the cyclization of suitably substituted cis-stilbenes (15, 23, and 24) yields [2.2]meta-

cyclophan-1-enes (4). Dehydrogenation of 8,16-dimethyl[2.2]metacyclophan-1-ene (4, Ry = R; = -CHj) readily

yields trans-15,16-dimethyldihydropyrene (6, Ry = Rq

he methods presently available for the synthesis of

trans-15,16-dialkyldihydropyrenes are lengthy and
difficult.* For a variety of reasons it would be desirable
to have alternate routes that would be more flexible and,
hopefully, simpler for the preparation of examples of
this interesting class of compounds. In our initial pub-
lication in this series,® we described the Wurtz cycliza-
tion of 1,2-diphenylethane derivatives such as 1 to give
8,16-dimethyl[2.2]metacyclophanes (2).8  However,
attempts to introduce unsaturation into the bridging
ethano groups were unsuccessful and it was not possible
to obtain the corresponding [2.2]metacyclophane-1,9-
diene (3), the valence tautomer of trans-15,16-dimethyl-

dihydropyrene.

HC I CH, oy, By I l

1 2 3

The photoisomerization of cis-stilbenes to 4a,4b-di-
hydrophenanthrenes is a well-studied reaction.” Thus

(1) We thank the National Science Foundation and the Office of
Naval Research (Contract Nonr-2771(OR), NR-055-468) for their
support of this investigation.

(2) For a preliminary communication on this work, see H. Blaschke
and V. Boekelheide, J. 4mer. Chem. Soc., 89, 2747 (1967).

(3) Abstracted in part from the doctoral dissertation of C. E. Ramey,
University of Oregon, 1968.

(4) This is paper XX in our series on ‘““Aromatic Molecules Bearing
Substituents within the Cavity of the w-Electron Cloud.” For the
preceding article, see V. Boekelheide and T. A. Hylton, J. Amer. Chem.
Soc., 92, 3669 (1970).

(5) W. S. Lindsay, P. Stokes, L. G. Humber, and V. Boekelheide,
ibid., 83, 943 (1961).

(6) These were formerly named 4,12-dimethyl{2.2}metacyclophanes
and have now been renamed to follow the nomenclature suggested by
B. H. Smith, “Bridged Aromatic Compounds,” Academic Press, New
York, N. Y., 1964, p 8.

(7) For a recent report on this reaction as well as earlier references,
see K. A. Muszkat and E. Fischer, J. Chem. Soc., B, 662 (1967).

—-CHy).

it would be expected that a cis-stilbene such as 4 would
undergo photoisomerization to the corresponding
tetrahydropyrene derivative 5. Since aromatization of

5 to give the corresponding 15,16-dihydropyrene deriva-
tive 6 only requires the loss of two hydrogen atoms, it
would be anticipated that this would be a feasible, if not
facile, reaction and would thus provide a new route to
trans-15,16-dialkyldihydropyrenes.

To test this hypothesis it was necessary to find a
method of synthesis for [2.2]metacyclophan-1-enes (4).
Since the Wurtz procedure is probably the most gen-
erally applicable one for preparing [2.2]metacyclo-
phanes,® we turned our attention to the possibility of
carrying out a Wurtz cyclization with an appropriately
substituted cis-stilbene such as 15. Although the pres-
ence of the cis double bond increases the possibility of
side reactions, it also provides a more rigid molecule
with conformations favorable to ring closure.

Our first studies were directed toward the synthesis of
4 (R, = R; = —-H). This was accomplished by the
reaction sequence shown in Scheme I. The starting

(8) See ref 6, p 88.
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Scheme I
m-xylylene dibromide
~a
+
BrCH; CHZP(CG_HQG MeOCH, CH;OMe
Br™ 9
7
lMeOH lNBS
/©\ s /©\
MeOCH;, CH,P(C:H;);  O=CH CH,0Me
Br~ 10
8
base
base,{ O,
MeOCH,” : ~CH=CH" : “CH,0Me
un
lHBr
i
YCH; c|=c CHY
H
12,Y=-Br
13,Y=-0Ac
lhy
' I CH,Y
CH,Y
\Mj;Li
14,Y = -0OAc 4(R'=R,=-H)
15, Y =-Br

material was m-xylylene dibromide which by reaction
with triphenylphosphine in benzene gave the mono-
phosphonium salt 7. Heating this in methanol then
led to the methoxy derivative 8 in essentially a quanti-
tative overall yield. On the other hand, treatment of
m-xylylene dibromide with methanol gave the ether 9,
which by reaction with N-bromosuccinimide followed
by hydrolysis led to 3-methoxymethylbenzaldehyde (10)
in 71 % yield.

The combination of 8 and 10 in a Wittig reaction
gave 11 as a mixture of the cis and trans isomers in 85 7]
yield. Alternatively, treatment of the ylide derived
from 8 with oxygen, following the procedure devised by
Bestmann,® yielded 11 directly in 4097 yield. As deter-
mined by nmr analysis, the ratio of c¢is to trans isomers
of 11 produced in the Wittig reaction is 3:2, whereas the
ratio from the Bestmann procedure is 1:4. However,
in both cases cleavage of the ether linkages with 48 97 hy-
drobromic acid gave the pure trans-dibromide 12.
Since the cis-dibromide 15 is needed for cyclization, the
photoisomerization of 12 was investigated.’® Unfor-

(9) H. J. Bestmann and O. Kratzer, Chem. Ber., 96, 1899 (1963).

(10) For examples of the photoisomerization of sterically hin-

dered stilbenes, see D. Gegiou, K. Muszkat, and E. Fischer, J. Amer.
Chem. Soc., 90, 3907 (1968).

Scheme II

BrCHZ/Q\CH_?Br

CH,

MeOH
+ —
BrCH, CH,P(CH;),
CH, Br™
17
+
MeOCH, CH,P(C¢H;);

Wittig reaction

with 8 or 27
CHg Br™
MeOCH, l CH=CH I CH,OMe
CH
19,R=-H
20,R=-CH;
'ch R CH,OMe BF; _BF. R CH;Br Cs sLi 4
l CH,0OMe AcBr I CH,Br

2,LR=-H 23, R=-H
22,R =-CH; 24,R=-CHj,

tunately, the trans-dibromide 12 suffered photodecom-
position. To avoid this difficulty the trans-dibromide
12 was converted to the corresponding trans-diacetate
13. Photoisomerization of 13 then occurred smoothly
to give a mixture of the cis- and trans-diacetates (14) in a
ratio of 85:15. Hydrolysis of 14 followed by treatment
of the diol with phosphorus tribromide regenerated the
dibromide 15. From nmr analysis this sample of di-
bromide consisted of a mixture of the cis and trans
isomers in a ratio of 85:15. However, when this mix-
ture was dissolved in chloroform, crystals of the trans-
dibromide 12 deposited from solution leaving the
mother liquor with essentially pure cis-dibromide 15.

When the cis-dibromide 15 was treated with sodium
and tetraphenylethylene, standard conditions for the
Wurtz reaction,’ 4,5-dihydropyrene (28) was formed in
529 yield. Apparently, cyclization to give 4 (R, =
R, = -H), as desired, occurred smoothly enough, but
in the presence of sodium 4 (R; = R, = —H) underwent
further dehydrogenation and aromatization to give 4,-
S-dihydropyrene. The use of alkali metals for dehy-
drogenation-aromatization has been described before.!!
To avoid this the Wurtz reaction was then tried using
phenyllithium, and [2.2]metacyclophan-1-ene (4, R; =
R; = -H) was readily formed in 45 7] yield.

The preparation of 8-methyl[2.2]Jmetacyclophan-1-
ene (4, R; = ~H; R; = —CH;) was carried out following
essentially the same route as outlined in Scheme I ex-
cept that 18 was substituted for 8 in the Wittig reaction.
Later, however, it was found that cleavage of the benzyl

(11) L. Reggel, S. Friedman, and I. Wender, J. Org. Chem., 23, 1136
(1958).
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ether groups with a mixture of boron trifluoride ether-
ate and acetyl bromide gave the corresponding benzyl
bromide in high yield without isomerization of the
stilbene double bond. This made it possible to shorten
the overall synthesis very considerably as shown by
Scheme II.

For the synthesis of 8,16-dimethyl[2.2]Jmetacyclo-
phan-l-ene (4, R, = R, = —CHj) it was possible again
to employ Scheme II. In this case, 3-methoxymethyl-
2-methylbenzaldehyde (27) was substituted for 8 in the
Wittig reaction and the subsequent steps were carried
out as before. Although several routes to the syn-
thesis of 27 were investigated, the one that proved most
practical was that starting with 2,6-bis(bromomethyl)-
toluene (16) and it is shown below.

MeOH Ej 1. NBS
16 —. R,
CH,0™Na* 2, MeOH
MeOCH, CH,0OMe
CH,
25
.H“‘
/OMe —
MeOCH, CH\O CHOH MeOCH, CH=0
CH, Me CH;
26 27

The effect of the internal substituents on the Wurtz
cyclization reaction is of interest. Whereas the unsub-
stituted dibromide 15 underwent cyclization to 4 (R; =
R: = —H) in 459 yield, the presence of one internal
methyl group, as in 23, reduced the yield in the Wurtz
reaction to 18 7, and with two methyl groups, as in 24,
the yield of 4 (R, = R, = -CHj;) dropped to 10%.

The geometry of the [2.2]metacyclophanes has been
shown by X-ray crystallographic analysis to have the
two benzene rings in separate planes with the internal
substituents at the 8 and 16 positions extending out over
the face of the opposite benzene ring.!%'® These sub-
stituents feel the diamagnetic ring current of the oppo-
site ring and their proton signals in the nmr are charac-
teristically shifted sharply to higher field.!415 Since
the double bond in the ethylene bridge introduces new
shielding and deshielding effects as well as altering the
overall geometry of the [2.2]metacyclophane molecule,
it is instructive to compare the nmr signals of the in-
ternal substituents of the [2.2]Jmetacyclophanes with the
corresponding [2.2]metacyclophan-l-enes. The data
are assembled in Table I. The fact that the signal for
hydrogen, as an internal substituent, is shifted to lower
field by 1.18-1.45 ppm in the [2.2]metacyclophan-1-enes
as compared to their saturated analogs would suggest
that these internal hydrogens are in a strongly de-
shielding region of the bridging double bond. By con-
trast the signal for the hydrogens of the internal methyl
groups are much less affected, the downfield shift for the
methyl protons of the [2.2]metacyclophan-1-enes being
shifted only 0.23-0.30 ppm as compared to their sat-
urated analogs. However, when there is unsaturation
in both bridging ethylenes, as in the case of 8,16-di-

(12) C. ). Brown, J. Chem. Soc., 3278 (1953).

(13) A. W, Hanson, Acta Cryst., 15, 956 (1952).

(14) D. J. Wilson, V. Boekelheide, and R. W. Griffin, Jr., J. Amer.
Chem. Soc., 82, 6302 (1960).

(15) N. L. Allinger, B. J. Gorden, S.-E. Hu, and R. A. Ford, J.
Org. Chem., 32, 2272 (1967).
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Table I. Proton Chemical Shifts of the Interior (8, 16)
Substituents of [2.2]Metacyclophanes

In- In-
terior  terior
Compound H,r CH,

[2.2]Metacyclophane 5.83
[2.2]Metacyclophan-1-ene 4.38
8-Methyl[2.2]metacyclophane 6.28 9.52
8-Methyl[2.2)metacyclophan-1-ene 5.10 9.22
8,16-Dimethyl[2.2]metacyclophane 9.44
8,16-Dimethyl|2.2)metacyclophan-1-ene 9.21
8,16-Dimethyl[2.2)metacyclophane-1,9-diene 8.48

methyl[2.2]metacyclophane-1,9-diene, the valence tau-
tomer of trans-15,16-dimethyldihydropyrene,'® the
signal for the protons of the internal methyl groups then
appear at 7 8.48, a downfield shift of 0.96 ppm as com-
pared to the case of 8,16-dimethyl[2.2]metacyclophane.

The chemical shifts of the internal substituents are
highly sensitive to the overall geometry of the molecule
and the introduction of internal methyl substituents
clearly has a distorting effect. The effects of such
twisting are also readily seen in the change of the AA’-
BB’ pattern of the proton resonances of the ethano
bridges. Thus, the chemical shift difference between
the A and B protons in [2.2]metacyclophane is 1.00 ppm,
whereas for 8,16-dimethyl[2.2]metacyclophane it is only
0.20 ppm.

As anticipated, all three of the [2.2]metacyclophan-1-
enes (4) undergo photoisomerization to give the corre-
sponding tetrahydropyrene derivatives (5) which, on
standing in the dark, revert back to 4. This photo-
isomerization and its reversal in the dark are the subjects
of an accompanying paper. !

As might be expected, the photoisomerization of 4
(R; = R; = —-H) is highly sensitive to the presence of
oxygen and, unless oxygen is rigidly excluded, 5 (R, =
R; = —H) is oxidized to 4,5-dihydropyrene (28). Sur-
prisingly, though, the corresponding methyl derivative
4 (R, = —CH;; R, = -H) is almost equally as sensitive
to oxygen and gives 28 again as the major product.

4(R,=R,=-H) _H i

ox e T 1)
4(R,=—CH;R,=-H) HH

28

On the other hand, 8,16-dimethyl[2.2]metacyclophan-
1-ene (4, R; = R; = —CH,;) is not particularly sensitive
to oxygen. Treatment of 4 (R; = R, = —-CH;) with
either 2,3-dichloro-4,5-dicyanoquinone or with a palla-
dium-on-charcoal catalyst readily effects a dehydro-
genation-aromatization giving trans-15,16-dimethyldi-
hydropyrene (6, R, = R; = -CH,;) in good yield.
Thus, this route appears to be a useful, alternate
pathway to  trams-15,16-dimethyldihydropyrenes. s
However, all attempts to effect such a dehydrogenation—

(16) The description of 8,16-dimethyl{2.2}metacyclophane-1,9-
diene will be presented in a paper on the photoisomerization of 15,16-
dihydropyrenes to be published shortly.

(17) C. Ramey and V. Boekelheide, J. Amer. Chem. Soc., 92, 3681
(1970).

(18) For another example of the application of this method, see V.
Boekelheide and W. Pepperdine, ibid., 92, 3684 (1970).

Blaschke, Ramey, Calder, Boekelheide | [2.2]Metacyclophan-1-enes



3678

aromatization reaction with either [2.2]Jmetacyclophan-
l-ene (4, R, = R; = —H) or 8-methyl[2.2]metacyclo-
phan-l-ene (4, R, = ~CH;; R; = ~H) were unsuccessful.
In these instances, the products were pyrene, 4,5-di-
hydropyrene, or 8-methyl[2.2]metacyclophane instead
of the desired trans-15,16-dihydropyrene (6, R; = R; =
-H) or trans-15-methyldihydropyrene (6, R, = —CHj;
R2 = —H)

Experimental Section'®

m-(Methoxymethyl)benzyltriphenylphosphonium Bromide (8). A
solution of 57.4 g of m-(bromomethyl)benzyltriphenylphosphonium
bromide (7, Aldrich Chemical Co.) in 800 ml of dry methanol was
boiled under reflux overnight. Concentration of the solution to a
small volume followed by addition of ether caused the separation of
49.0 g (94 %) of white crystals, mp 233-235°, A sample recrystal-
lized from water gave white crystals, mp 234-235°.

Anal. Caled for CyH,sOPBr: C, 67.93; H, 5.49; P, 6.51.
Found: C,67.91; H, 570, P, 6.32.

3-Methoxymethylbenzaldehyde (10). To a solution of 29.0 g
of 1,3-bis(methoxymethyl)benzene? in 250 ml of carbon tetrachlo-
ride there was added in portions 31.3 g of N-bromosuccinimide while
irradiating the mixture with a 75-W Mazda lamp. When all of the
N-bromosuccinimide had reacted, the solution was filtered to re-
move succinimide and the filtrate concentrated under reduced pres-
sure. The residue was taken up in 250 ml of dry methanol con-
taining 9 g of sodium methoxide and boiled under reflux for 4 hr.
The solution was then concentrated, 200 ml of water was added,
and the resulting mixture was extracted with methylene chloride.
Concentration of the extract followed by distillation of the residue
gave 6.68 g of a colorless oil, bp 97-99° (2.8 mm), whose nmr spec-
trum indicated it to be 3-methoxymethylbenzaldehyde dimethyl
acetal contaminated with a small amount of starting material.
This was dissolved in a mixture of 75 ml of methanol, 25 ml of
water, and 10 ml of concentrated hydrochloric acid and boiled
under reflux for 30 min. The solution was then poured into water
and extracted with ether. Concentration of the dried ether ex-
tracts followed by distillation gave 5.87 g of a colorless oil: bp
65-70° (0.5 mm); nmr singlet at 7 0.05 (1 H, -CH=0), a multiplet
at 2.25-2.63 (4 H, ArH), a singlet at 5.58 (2 H, ArCH,-), and a
singlet at 6.67 (3 H, -OCH;). A sample for analysis was col-
lected by vapor phase chromatography using 209, SE-30 on a
Chromosorb W column at 195° (retention time, 4 min).

Anal. Caled for CoHyO,: C, 71.98; H, 6.71.
71.84; H, 6.71.

3,3'-Bis(methoxymethyl)stilbene (11). A. By the Wittig Reac-
tion. A solution of sodium amide in liquid ammonia was prepared
by dissolving 1.5 g of sodium in 300 ml of liquid ammonia contain-
ing 50 mg of ferric nitrate. To this was added 27.9 g of 8 with
stirring.  After all of the ammonia had evaporated, 300 ml of dry
tetrahydrofuran was distilled directly into the flask. When the
solution had been boiled under reflux for 15 min, all of the solids
had dissolved and the solution was a deep orange. It was then
cooled to room temperature and 8.32 g of 3-methoxymethylbenzal-
dehyde was added dropwise with stirring. Although the color
disappeared as soon as the addition was complete, the solution was
stirred an additional 15 min before concentrating under reduced
pressure. The residue was taken up in a 9:1 petroleum ether (bp
30-60°)-benzene mixture and chromatographed over acidic alumina
(Woelm, activity 1). The main eluate fraction gave an oil which,
on distillation, yielded 12.5 g (85%) of a colorless oil, bp 100°
(104 mm), whose nmr spectrum indicated it to be a 60:40 mixture
of the cis to trans isomers of 11.

Anal. Calcd for stHzoOz:
80.23; H, 7.38.

The cis and trans isomers of 11 could be separated by vapor phase
chromatography using 209, SE-30 on a firebrick column at 250°.
Both were obtained as colorless oils whose spectral characteristics

Found: C,

C, 80.56; H, 7.51. Found: C,

(19) Elemental analyses are by Microtech and by A. Bernhardt
Microanalytical Laboratories. Ultraviolet and visible spectra were
measured with Cary 14 or 15 spectrometers, infrared spectra with a
Beckman L.R.-5 spectrometer, nmr spectra with a Varian A-60 or H.A.-
100 MHz spectrometers, and mass spectra with a C.E.C.-110-21B
double-focusing mass spectrometer. We thank the National Science
Foundation for funds used toward the purchase of the Varian A-60, the
C.E.C.-110-21B, and a Joy liquid nitrogen machine.

(20) F. G. Mann and F. H. C. Stewart, J. Chem. Soc., 2819 (1954).

are as follows: cis isomer of 11, nmr (CDCl;) multiplet at 7 2.73—
2.80 (8 H, ArH), singlet at 3.39 (2 H, -CH=CH-), singlet at 5.65
(4 H, ArCH,™), and a singlet at 6.68 (6 H, -OCH,); trans isomer of
11, ir »53t* 970 and 1640 cm™? (trans -CH=CH-); nmr (CDCl,)
multiplet at 7 2.4-2.9 (10 H, ArH, CH=CH-), singlet at 5.53 (4 H,
ArCH,-), and a singlet at 6.68 (6 H,—-OCH).

B. By the Bestmann Procedure.? A solution of 2.3 g of sodium
in 300 ml of liquid ammonia was prepared as in A and to this was
added 47.7 g of 8 with stirring.  After evaporation of the ammonia,
300 ml of xylene was added and the deep red solution was boiled
under reflux while oxygen was being passed through. It required
12 hr before all of the red color was discharged. After concen-
tration, the residue was taken up in a 19:1 petroleum ether-benzene
mixture and chromatographed over basic alumina (Woelm, ac-
tivity 1). The main eluate fraction gave 5.36 g (40 %) of a colorless
oil whose nmr spectrum showed it to be a mixture of the cis and
trans isomers of 11 in a ratio of 1:4.

Irradiation of this mixture in a benzene solution using a 150-W,
low-pressure Hanovia lamp gave, after isolation, an oil having the
cis and trans isomers of 11 in a ratio of 3:1.

3,3'-Bis(bromomethyl)-trans-stilbene (12). A solution of 4.50 g
of 11 (prepared either by procedure A or B) in 50 ml of an aqueous
48 % hydrobromic acid solution was boiled under reflux. After
the solution had cooled, the crystalline precipitate was collected
and recrystallized from a chloroform-benzene mixture to give 5.9
g (96%) of white crystals: mp 161-162°; ir +SE5* 960 cm—!
(trans -CH=CH-); nmr (CDCl;) multiplet at = 2.4-3.0 (10 H,
ArH and -CH=CH-), and a singlet at 5.49 (4 H, ArCH,-).

Anal. Calcd for CsHiBr.: C, 52.49; H, 3.86; Br, 43.66
Found: C, 52.63; H, 4.02; Br, 43.51.

3,3’-Bis(acetoxymethyl)-trans-stilbene (13). A solution of 3.3
g of 12 and 10 g of sodium acetate in 50 ml of acetic acid was heated
on a steam bath for 14 hr. After concentration, the residue was
triturated with a 107, aqueous solution of sodium bicarbonate.
The resulting solid was recrystallized from chloroform to give 2.85
g (98%) of shiny white leaflets: mp 97-98°; ir »Si 1730 cm—!
(-C=0), 1610 (Ar C=C), and 962 (trans -CH=CH-); nmr (CCl,)
multiplet at 7 2.5-3.0 (10 H, ArH and -CH=CH-), singlet at 4.96
(ArCH,-), and a singlet at 7.96 (6 H, CH,CO-).

Anal. Calcd for CyH:0Os: C, 74.05; H, 6.22. Found: C,
73.77; H, 6.09.

Irradiation of 1.75-3.3 %7 solutions of 13 in benzene using a 150-W,
low-pressure Hanovia lamp gave a photoequilibrium steady-state
mixture of the cis and #rans isomers of 14 in the ratio of 85:15.

3,3'-Bis(hydroxymethyl)-cis-stilbene. A solution of 2.44 g of
14 (after irradiation) in 50 ml of a 509 aqueous ethanol solution
containing 2.5 g of potassium hydroxide was allowed to stand
at room temperature for 14 hr. It was then diluted with water and
extracted with chloroform. Concentration of the dried chloroform
extract gave an oily residue. This was purified by preparative thin
layer chromatography over silica gel using a 9:1 mixture of chloro-
form-ethyl acetate. The colorless oil so isolated corresponded to
the pure cis isomer as indicated by its spectra: ir »S2°"% 3540 cm—?
(-OH) and 1640 (-CH=CH-); nmr (CDCl;) multiplet at » 2.7-2.8
(8 H, ArH), singlet at 3.42 (2 H, -CH=CH-), singlet at 5.57
(ArCH,-), and a singlet at 7.33 (2 H,-OH).

Anal. Calced for C¢HisO:: C, 79.97; H, 6.71.
80.34; H, 7.17.

3,3'-Bis(bromomethyl)-cis-stilbene (15), To a solution of 1.35 g
of 3,3’-bis(hydroxymethyl)-cis-stilbene in 20 ml of chloroform there
was added 4.5 g of phosphorus tribromide dropwise with stirring
and cooling over a 15-min period. The solution was then poured
onto ice and the aqueous solution was extracted with more chloro-
form. After the chloroform extract had been washed with water
and dried, it was concentrated to give an oily residue. This was
taken up in 19:1 petroleum ether-benzene mixture and chromato-
graphed over silica gel. From the main eluate fraction there was
isolated 834 mg of a pale yellow oil: nmr (CCl,) multiplet at =
2.6-2.9 (8 H, ArH), a singlet at 3.47 (2 H, -CH=CH-), and a
singlet at 5.72 (4 H, ArCH,-).

Anal. Caled for C,H,4Br,: C, 52.49; H, 3.86. Found: C,
52.75; H, 4.05.

It was found later that 15 could be prepared more conveniently
by treating 11 (after irradiation) with a threefold excess of boron
trifluoride etherate and acetyl bromide. After work-up and chro-
matography as in the above experiment, the resulting oil still con-
tained a small amount of the trans isomer 12. However, when the
oil was dissolved in a small quantity of chloroform and allowed to
stand, the trans isomer 12 separated out as a crystalline precipitate
and the mother liquor contained the cis isomer 15 essentially pure.

Found: C,
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[2.2]Metacyclophan-1-ene (4, R; = R; = -H). To 145 g of 1§
in 300 ml of ether there was added dropwise with stirring 60 ml of an
ether solution containing 0.0043 mol of phenyllithium. The solu-
tion was then stirred for an additional 15 min at room temperature
before being poured into ice water. The ether phase was separated,
washed with water, dried, and concentrated. The oily residue was
taken up in petroleum ether and chromatographed over silica gel
using a 9:1 petroleum ether-benzene mixture for elution. The first
two eluate fractions were combined and concentrated, and the resi-
due was recrystallized from methanol. Sublimation at 100° at 15
mm then gave 371 mg (45 %) of shiny white plates: mp 83.0-84.0°;
uv AES¥ 350 mpu (e 113), 300 (450), 250 (384), and 246 (2400);
nmr (CCl,) a multiplet at 7 2.68-3.20 (6 H, ArH), a singlet at 3.43
(2 H, -CH=CH-), a singlet at 4.38 (2 H, internal ArH), and an
AA’BB’ multiplet with major signals at 6.90, 6.93, 7.04, 7.05, 7.96,
7.97, 8.08, and 8.12 (4 H, ArCH,-); mass spectrum, parent mo-
lecular ion, m/e 206 (intensity 100).

Anal. Caled for Ci¢Hy: C, 93.16; H, 6.84. Found: C,
93.16; H, 6.98.

4,5-Dihydropyrene (28). To a solution of 1.0 g of sodium shot
and 200 mg of tetraphenylethylene in 500 ml of dry tetrahydrofuran
agitated with a high-speed stirrer in a Morton flask there was added
a solution of 664 mg of the cis-dibromide 15 in 100 ml of tetra-
hydrofuran at a rate of 1 drop every 5 sec. When the addition
was complete, the solution was decanted from the excess sodium,
concentrated under reduced pressure, and poured into water. After
extraction with chloroform, the organic layer was washed with
water, dried, and concentrated. The residue was taken up in
hexane and purified by preparative thin layer chromatography
over silica gel. The fastest moving fraction consisted of 194 mg
(52%) of white crystals, mp 131-132°. The melting point and
spectral properties of these crystals are in complete agreement
with those described for 4,5-dihydropyrene. 2!

Irradiation of 4 (R; = R, = -H) in the presence of oxygen also
gave 4,5-dihydropyrene (28) in high yield. The properties of 28
formed in this way were identical in all respects with the sample
prepared above.

3-Bromomethyl-2-methylbenzyltriphenylphosphonium Bromide
(17). A solution of 2.57 g of 2,6-bis(bromomethyl)toluene® in
25 ml of ether was added to a solution of 2.42 g of triphenylphos-
phine in 50 ml of ether and allowed to stand for 3 days. There
separated 4.01 g (80%) of a white crystalline powder: mp 219-
221°; nmr (CDCI;) multiplet at 7 2.0-3.0 (18 H, ArH), a doublet at
4.55(2 H, ArCH,P), a doublet at 5.70 (2 H, ArCH,Br), and a singlet
at 8.30 (3 H, ArCH;).

Anal. Caled for CxHpsPBr,: C, 59.95; H, 4.65; Br, 29.59.
Found: C,59.91; H, 4.82; Br, 29.59.

3-Methoxymethyl-2-methylbenzyltriphenylphosphonium Bromide
(18). A solution of 5.0 g of 17 in 250 ml of methanol was boiled
under reflux for 24 hr. After concentration, the residual solid was
taken up in acetonitrile and slow addition of ether caused the sep-
aration of 4.1 g (90%) of a white microcrystalline powder: mp
167-172°; nmr (CDCl;) multiplet at = 2.0-3.2 (18 H, ArH), a dou-
blet centered at 4.78 (2 H, J = 14 cps, ArCH,P-), a singlet at 5.80
(2 H, ArCH;0-), singlet at 6.70 (3 H, -OCH), and a singlet at 8.40
(3 H, ArCH3).

Anal. Calcd for Cy;HyPOBr:
C, 68.25; H, 5.55.

3,3’-Bis(methoxymethyl)-2-methylstilbene (19). A solution of
sodium amide in liquid ammonia was prepared by dissolving 1.3 g
of sodium in 400 ml of liquid ammonia in the presence of ferric
chloride and to this was added 17.73 g of 18. After the mixture
had been stirred for 20 min, the ammonia was allowed to evaporate
and 400 ml of dry tetrahydrofuran was introduced. To the result-
ing deep red solution held at room temperature there was added
dropwise with stirring a solution of 4.50 g of 8 in 30 ml of dry tetra-
hydrofuran. When addition was complete (1 hr), the solution
was stirred for 2 hr and filtered, and the filtrate concentrated. The
residual solid was taken up in 500 ml of a 1:1 hexane—ether mix-
ture, causing the separation of triphenylphosphine oxide. After
filtration, the filtrate was concentrated and the residue was chroma-
tographed over silica gel using a 3:7 benzene-hexane mixture.
From the main eluate fraction there was isolated 8.1 g (95%) of a
colorless oil corresponding to a 3:2 mixture of the cis and trans
isomers of 19. Separation of the two isomers was accomplished
by vapor phase chromatography using 20%, SE-30 on a Chromo-
sorb W column at 270°; the cis isomer of 19 showed a retention

C, 68.43; H, 5.70. Found:

(21) C. W. Scherr, J. Chem. Phys., 21, 1582 (1953).

3679

time of 6.2 min, whereas the retention time of the trans isomer was
11.2 min.

The cis isomer of 19 was a colorless oil; nmr multiplet at 7
2.6-3.2 (7 H, ArH), singlet at 3.41 (2 H, -CH=CH-), singlets at
5.61 and 5.82 (2 H each, ArCH,0-), singlets at 6.71 and 6.85 (3 H
each, -OCH;), and a singlet at 7.81 (3 H, ArCH;). The trans
isomer of 19 was a colorless oil: nmr multiplet at 7 2.5-3.1 (9 H,
ArH and -CH=CH-), singlet at 5.61 (4 H, ArCH,0-), singlet at
6.71 (6 H,-OCH;), and a singlet at 7.68 (3 H, ArCH5).

When the bulk of the 3:2 mixture of cis and trans isomers of 19
was irradiated as a 17 solution in benzene using a 200-W, low-pres-
sure Hanovia lamp with a Corex filter, the stilbene mixture was
reisolated after photoequilibrium and found by nmr analysis to be a
9:1 ratio of the cis and trans isomers of 19.

Anal. Caled for C)HxO,: C, 80.82; H, 7.85. Found (trans
isomer of 19): C, 80.12; H, 7.97. Found (cis isomer, 21): C,
80.67; H, 7.80.

3,3'-Bis(bromomethyl)-2-methyl-srans-stilbene. A suspension of
650 mg of the 3:2 mixture of cis and trans isomers of 19 in 25 ml of
an aqueous 48 7 hydrobromic acid solution was boiled under reflux
for 2 hr. After the aqueous layer was decanted, the organic layer
was taken up in a 1:1 hexane-benzene mixture and chromato-
graphed over silica gel. The main eluate fraction was collected
and recrystallized from hexane to give 490 mg (64%) of white
needles: mp 130-131°; nmr (CCly) multiplet at = 2.5-3.2 (9 H,
ArH and -CH=CH-), a singlet at 5.60 (4 H, ArCH,-), and a
singlet at 7.67 (3 H, ArCHj).

Anal. Caled for CyHieBrs:
53.58; H, 4.32.

3,3'-Bis(acetoxymethyl)-2-methyl-trans-stilbene. A solution of
900 mg of 3,3’-bis(bromomethyl)-2-methyl-trans-stilbene and 3.0 g
of sodium acetate in 80 ml of glacial acetic acid was boiled under
reflux for 2 hr. It was then poured into an excess of aqueous
5% sodium bicarbonate solution and extracted with ether. After
the ether extract had been washed with water and dried, it was
concentrated to give 790 mg (99%;) of white crystals, mp 63-64°,
A sample recrystallized from a methanol-water mixture gave fine
white needles: mp 64.0-64.5°; nmr (CDCl;) multiplet at 7 2.6~
3.2 (9 H, ArH and -CH=CH-), singlet at 5.00 (4 H, ArCH,), a
singlet at 7.69 (3 H, ArCH;), and a singlet at 8.02 (6 H, CH;CO-).

Anal. Calcd for CHxO4: C, 74.54; H, 6.55. Found: C,
74.68; H, 6.62.

3,3'-Bis(acetoxymethyl)-2-methyl-cis-stilbene. A solution of 790
mg of 3,3’-bis(acetoxymethyl)-2-methyl-trans-stilbene in 100 ml of
benzene was irradiated with a 200-W, low-pressure Hanovia lamp
with a Corex filter and a nitrogen stream for agitation. After 3
hr the solution was concentrated under reduced pressure leaving a
colorless oil. Analysis of this by nmr indicated it to be a 9:1
mixture of the cis and trans isomers. By vapor phase chromatog-
raphy using a 209 SE-30 on a Chromosorb W column at 295°,
a pure sample of the cis isomer (retention time, 7 min) was obtained
as a colorless oil: nmr multiplet at = 2.6-3.2 (7 H, ArH), a broad
singlet at 3.40 (2 H, -CH=CH-), a singlet at 4.95 (2 H, ArCH,0-),
a singlet at 5.18 (2 H, ArCH,0-), a singlet at 7.80 (3 H, ArCHjy),
and singlets at 8.02 and 8.11 (3 H each, CH;CO-).

Anal. Calcd for CuH»O4: C, 74.54; H, 6.55. Found: C,
74.39; H, 6.35.

3,3'-Bistbromomethyl)-2-methylstilbene (23). A. From 21. To
a solution of 1.04 g of 19 (a 9:1 ratio of the cis to trans isomers after
irradiation) in 80 ml of methylene chloride there was added a mix-
ture of 4.20 g of boron trifluoride etherate and 3.62 g of acetyl
bromide and the solution was boiled under reflux for 40 min. It was
then cooled and poured into 100 ml of a 5%, aqueous solution of
sodium bicarbonate. After separation of the organic layer and a
further extraction with methylene chloride, the combined methylene
chloride extracts were washed with water, dried, and concentrated.
The yellow residual oil was taken up in a 1:9 benzene-hexane
mixture and chromatographed over silica gel. The main eluate
fraction gave 540 mg (40%;) of the cis isomer (23) as a pale yellow
oil: nmr multiplet at 7 2.7-3.3 (7 H, ArH), singlet at 3.40 (2 H,
-CH=CH-), singlets at 5.57 and 5.83 (2 H each, ArCH,Br), and a
singlet at 7.75 (3 H, ArCH;). Because 23 was somewhat unstable
and difficult to handle, it was used directly in the Wurtz cyclization
to prepare 4 (R; = -H, R, = —-CH,).

B. From 3,3'-Bis(acetoxymethyl)-2-methyl-cis-stilbene. A solu-
tion of 700 mg of 3,3’-bis(acetoxymethyl)-2-methyl-cis-stilbene in
20 ml of ether was added dropwise with stirring to a suspension of
1.0 g of lithium aluminum hydride in 30 ml of ether and the resulting
mixture was boiled under reflux for 2 hr. A saturated aqueous
solution of sodium sulfate was then added and the granular pre-

C, 53.78; H, 4.25. Found: C,
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cipitate was removed by filtration. Concentration of the filtrate
gave 495 mg (94%) of a colorless oil whose nmr analysis indicated
it to be a 9:1 mixture of the cis and trans isomers of 3,3’-bis(hy-
droxymethyl)-2-methylstilbene. Since the mixture showed no
tendency to crystallize and chromatography had no beneficial effects
in separating the isomers, the mixture was directly converted into
the dibromide 23 by dissolving it in 10 ml of benzene, adding 0.5
ml of phosphorus tribromide, and boiling the mixture under reflux
for 3 hr. After the cooled mixture had been poured onto ice, the
benzene layer was separated and concentrated to give 510 mg (71 77)
of a pale yellow oil having the same spectral properties as that
obtained in A.

8-Methyl[2.2]metacyclophan-1-ene (4, Ry = -H; R, = -CHjy).
To a solution of 1.7 g of 23 in 1.5 1. of boiling ether there was added
dropwise over a 10-min period 10 ml of a 0.88 M solution of phenyl-
lithium in ether. After the solution had been filtered through glass
wool and concentrated, the residue was taken up in hexane and
chromatographed over neutral alumina (Woelm, activity 1). From
the first eluate fraction there was isolated 180 mg (18 %) of colorless
plates: mp 37-39°; uv AS¥? 295 my (e 1580), 248 (20,600), and
206 (42,900); nmr (CCl,) multiplet at + 2.85-3.35 (6 H, ArH), an
AB pattern centered at 3.50 (2 H, -CH=CH-, J = 15.2 cps), a
broad singlet at 5.10 (1 H, ArH), a multiplet at 6.75-8.22 (4 H,
ArCH,-), and a singlet at 9.22 (3 H, ArCH;); mass spectrum,
parent molecular ion, m/e at 220, with major fragmentation peaks
at M+ — 15, M* — 16,and M+ — 18.

Anal. Caled for Ci;Hjs: C, 92.68;
92.53; H, 7.27.

2,6-Bis(methoxymethyDtoluene (25). A solution of 50 g of 2,6-
bis(bromomethyl)toluene (16) and 23 g of sodium methoxide in
500 ml of methanol was boiled under reflux for 36 hr. After con-
centration, the residue was treated with water and extracted with
ether. After the ether extract had been washed with water, dried,
and concentrated, the residual oil was distilled to give 26.7 g (82 %)
of a colorless oil: bp 118-120° (10 mm); nmr (CCl,) multiplet
at 7 2.7-3.2 (3 H, ArH), and singlets at 5.70 (4 H, ArCH,-), 6.80
(6 H,-OCH;), and 7.9 (3 H, ArCH,).

Anal. Calcd for CyH,0.: C, 73.30; H, 8.95. Found: C,
73.19; H, 8.85.

3-Methoxymethyl-2-methylbenzaldehyde Dimethyl Acetal (26).
To a solution of 29.5 g of bis(methoxymethyl)toluene (28) in 600
ml of boiling carbon tetrachloride there was added portionwise 15 g
of N-bromosuccinimide over a period of 1 hr. After the mixture
had been filtered and the filtrate concentrated, the residual oil was
dissolved in 200 ml of anhydrous methanol and boiled under reflux
for 12 hr. Concentration of the solution followed by distillation
of the residue gave 20 g of 2,6-bis(methoxymethyl)toluene, bp 116~
125° (10 mm), and then 9 g (8897, based on recovered starting
material) of a colorless oil: nmr (CCly) multiplet at = 2.5-3.0
(3 H, ArH), and singlets at 4.60 (1 H, ArCH(O).-), 5.62 (2 H,
ArCH:0), 6.71 (3 H, -OCH), 6.80 (6 H, -OCH;), and 7.75 (3 H,
ArCH;). A sample for analysis was prepared by vapor phase chro-
matography using 20%; SE-30 on a Chromosorb W column at 150°,

Anal. Calcd for C,HisOs: C, 68.54; H, 8.63. Found: C,
68.39; H, 8.44.

3-Methoxymethyl-2-methylbenzaldehyde (27). A solution of
8.0 g of 26 and 75 ml of a 20 %, aqueous hydrochloric acid solution
in 75 ml of methanol was boiled under reflux for 1.5 hr. After
the solution was concentrated to one-half volume, it was extracted
with ether. The ether extract was washed with water, dried, and
concentrated to give 6.0 g (89%7) of a colorless oil: bp 125-128°
(4 mm); nmr (CCl,) singlet at » —0.17 (1 H, -CH=0), a multiplet
at 2.2-3.0 (3 H, ArH), and singlets at 5.65 (2 H, ArCH,0-), 6.59
(3H,-OCH3), and 7.50 (3 H, ArCH).

Anal. Caled for C,oHpO:: C, 73.14; H, 7.37. Found: C,
73.25; H, 5.55.

The 2,4-dinitrophenylhydrazone of 27 was obtained after recrystal-
lization from a chloroform—ether mixture as red crystals, mp 207-
208°,

Anal. Caled for CsH N Os: C, 55.81; H, 4.68; N, 16.27.
Found: C, 55.75; H, 4.55; N, 16.25.

3,3’-Bis(methoxymethyl1)-2,2’-dimethylstilbene (20). The Wittig
reaction between 18 and 27 was carried out as described for the
preparation of 19. From 4.5 g of 27 and 15.0 g of 18 there was
obtained 7.5 g (91 %) of a mixture of the cis and trans isomers of 20.
Treatment of a sample of this oil with hexane effected a separation
of the trans isomer of 20 as white needles: mp 91-92°; nmr
(CDCl;) multiplet at 7 2.3-2.9 (8 H, ArH and -CH=CH-), and
singlets at 5.55 (4 H, ArCH,0-), 6.63 (6 H, -OCH), and 7.66 (6 H,
ArCH a).

H, 7.32. Found: C,

Anal. Calced for Con“Oz!
81.07; H, 8.30.

By preparative vapor phase chromatography using 209 SE-30
on a Chromosorb W column at 150°, a sample of the pure cis isomer
of 20 was obtained as a colorless oil: nmr (CDCl;) multiplet at
7 2.8-3.3 (8 H, ArH and -CH=CH-), and singlets at 5.61 (4 H,
ArCH,0-), 6.68 (6 H, -OCH;), and 7.79 (6 H, ArCH;).

Anal. Caled for CoH,sO4: C, 81.04; H, 8.16. Found: C,
80.86; H, 8.10.

Irradiation of the mixture of cis and trans isomers of 20 from the
Wittig reaction as a 1% solution in benzene using a 200-W, low-
pressure Hanovia lamp with a Corex filter gave an oil whose nmr
spectrum indicated the ratio of cis to trans isomers of 20 was 85:15.

3,3’-Bis(bromomethyl)-2,2’-dimethylstilbene (24). A 2.0-g sample
of the 85 :15 mixture of the cis and trans isomers of 20 (after irradia-
tion) was treated with boron trifluoride etherate and acetyl bro-
mide as described under procedure A for the preparation of 23.
This gave 2.3 g (85%) of a 90:10 mixture (by nmr analysis) of the
cis and trans isomers of 24 as a pale yellow oil. Treatment of this
with hexane caused the separation of white needles, mp 204-205°,
corresponding to the trans isomer of 24,

Anal. Calcd for CigHysBro: C, 54.86; H, 4.60. Found: C,
55.07; H, 4.60.

The mother liquors of the hexane solution from which the trans
isomer of 20 had been crystallized were concentrated. This gave a
colorless oil whose nmr spectrum in carbon tetrachloride (multiplet
at 7 2.8-3.5 (8 H, ArH and -CH=CH-), and singlets at 5.60 (4 H,
ArCH.Br) and 7.71 (6 H, ArCHj)) showed it to be essentially pure
cis isomer of 24. This was used directly in the Wurtz cyclization
without further purification.

8,16-Dimethyl[2.2]metacyclophan-l-ene (4, R; = R; = -CH,).
A solution of 1.5 g of the cis isomer 24, prepared as described in
the preceding experiment, in 1.3 1. of dry ether was boiled under
reflux while 10 ml of a 0.88 M solution of phenyllithium in ether
was added over a 10-min period. After the solution had been
filtered through glass wool and the filtrate concentrated, the residue
was taken up in hexane and chromatographed over neutral alumina
(Woelm, activity 1). The first eluate fraction gave 89 mg
(10%) of white crystals, mp 149-150°. Recrystallization from
methanol yielded colorless needles: mp 151-152°; AS#h: 295
mu (e 1500), 256 (21,600), and 213 (40,000); nmr (CCly) mul-
tiplet at = 2.8-3.3 (6 H, ArH), a singlet at 3.40 (2 H, -CH=CH-),
an AA’BB’ multiplet with major peaks at 7.01, 7.15, 7.25, 7.31,
7.41, and 7.56 (4 H, ArCH:-), and a singlet at 9.21 (6 H, ArCH3);
mass spectrum, parent molecular ion, m/e 234, with major fragmen-
tation peaks at M* — 15, M+ — 30,and M+ — 32,

Anal. Caled for CgHis: C, 92.26; H, 7.74. Found: C,
92.09; H, 7.84.

trans-15,16-Dimethyldihydropyrene (6, R, = R, = -CH;). A.
By Catalytic Dehydrogenation. To a solution of 9.6 mg of 4
(R; = R; = -CHj3;) in 10 ml of benzene there was added 7.2 mg of a
30% palladium-on-charcoal catalyst and the mixture was boiled
under reflux for 12 hr. After removal of the catalyst and solvent,
the residue was taken up in a 19:1 mixture of hexane-ether and
chromatographed over neutral alumina (Woelm, activity 1). The
deep green eluate gave 6.5 mg (68 77) of green plates, mp 118-120°
(lit.22 mp 119-120°), whose spectral properties agreed in all respects
with those of an authentic specimen of 6 (R, = R; = -CH,;).??

B. Reactionof 4 (R; = R; = —-CH;) with DDQ. A solution of 20
mg of 4(R; = R, = -CH;) and 50 mg of 2,3-dichloro-5,6-dicyanoqui-
none (DDQ) in 30 ml of toluene was boiled under reflux overnight.
After concentration, the residue was taken up in hexane and chro-
matographed over Florisil. Concentration of the deep green eluate
gave 12.0 mg (60 %) of green crystals, mp 118-120°, whose proper-
ties in all respects were in agreement with those of an authentic
specimen of 6 (R; = R, = -CHj).2?

8-Methyl[2.2)metacyclophane. To a solution of 55 mg of 4
(R; = -CH;; R: = -H) in 20 ml of cyclohexene there was added
20 mg of a 307, palladium-on-charcoal catalyst and the mixture
was boiled under reflux overnight. After removal of the catalyst
and solvent, the residue was taken up in hexane and chromato-
graphed over silica gel. From the eluate there was isolated 17 mg
(31 %) of white crystals, mp 89-90°.

When 25 mg of 4 (R, = —CH3; R, = —-H) in 20 ml of ethanol was
subjected to catalytic hydrogenation over a 5%, palladium-on-
charcoal catalyst, 1 molar equiv of hydrogen was absorbed and the
crystals isolated, after work-up, were identical in all respects with

C, 81.04; H, 8.16. Found: C,

(22) V. Boekelheide and J. B. Phillips, J. Amer. Chem. Soc., 89,
1695 (1967).
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those isolated above. Recrystallization from methanol gave 22 mg
(90%) of white plates: mp 91.0-91.5°; nmr (CDCIl;) multiplet at
r 2.8-3.2 (6 H, ArH), a singlet at 6.28 (1 H, ArH), a multiplet at
6.8-8.2(8 H, ArCH,-), and a singlet at 9.52 (3 H, ArCHj).

Anal. Calcd for C/Hy: C, 91.84; H, 8.16. Found: C,
91.64; H, 8.19.

Reaction of 8-Methyl[2.2]metacyclophan-1-ene with N-Bromo-
succinimide. A solution of 110 mg of 4 (Ry = —-CH;; R: = -H)
and 115 mg of N-bromosuccinimide in 30 ml of carbon tetrachlo-
ride containing 5 mg of azobisisobutyronitrile was boiled under
reflux for 2 hr.  After removal of the succinimide and concentration
of the filtrate, the residue was taken up in hexane and chromato-
graphed over neutral alumina (Woelm, activity 1). No green ab-
sorption bands were evident. From the eluate two main fractions
were isolated. The first contained 45 mg of recovered 4 (R =
-CH;; R, = -H). The second contained 40 mg of white crystals,
mp 154-156°, identical in all respects with an authentic specimen of
pyrene.

Reaction of 8-Methyl[2.2]metacyclophan-1-ene with DDQ. A
solution of 55 mg of 4 (Ry = -CH;; R, = —-H) and 115 mg of 2,3-
dichloro-5,6-dicyanoquinone (DDQ) in 20 ml of toluene was boiled
under reflux for 2 hr. After concentration the residue was taken
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up in hexane and chromatographed over neutral alumina (Woelm,
activity 1). The first eluate fraction contained 20 mg of recovered
4 (R; = -CH;; Ry = -H). The second eluate fraction contained
20 mg of a mixture of pyrene and 1-methylpyrene. This mixture
could be separated by vapor phase chromatography using SE-30
on a Chromosorb W column at 255°. Under these conditions,
pyrene had a retention time of 9 min and l-methylpyrene, 13.5
min. The identity of the two samples was confirmed by spectral
comparison with authentic specimens. Furthermore, the sample
of l-methylpyrene was converted to the corresponding picrate,
obtained as yellow crystals, mp 209-210° (lit.?? mp 211-212°).

Other attempts at dehydrogenation of 4 (Ry = —-CH;; Ry =
-H) using tetrachloro-p-benzoquinone or tetrachloro-o-benzoqui-
none gave similar mixtures of pyrene and 1-methylpyrene. Fur-
thermore, irradiation of either 4 (R, = -CH3; R = -H) or 4 (R,
= R, = -H) in hexane solution in the presence of oxygen gave in
good yield 4,5-dihydropyrene (28), identical in all respects with the
authentic specimen described previously.

(23) H. Vollmann, H. Becker, M. Corell, and H. Streeck, A4na.,
531, 112 (1937).
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Abstract:

Irradiation of [2.2]metacyclophan-1-enes (3, 4, and 5) with light in the region of 300 mu gives photo-

stationary equilibria in which the colored photoisomers, the 4,5,15,16-tetrahydropyrenes (6, 7, and 8), predominate.
Such solutions of 4,5,15,16-tetrahydropyrenes are, in turn, bleached by light in the region of 500 mu to give back

the [2.2lmetacyclophan-1-enes.

The isomerization of 4,5,15,16-tetrahydropyrenes to their corresponding[2.2]-

metacyclophan-1-enes also occurs thermally in the dark, and the kinetics of this thermal isomerization are dis-

cussed.

I n 1940, Lewis, Magel, and Lipkin observed the forma-
tion of an unstable yellow intermediate during the
low-temperature, ultraviolet irradiation of cis-stilbene
(1) solutions.¢ Subsequent investigations have shown
the unstable intermediate to be 4a,5a-dihydrophen-
anthrene (2),% and the easy oxidation of 4a,4b-dihy-
drophenanthrenes has made this an attractive synthetic
route to phenanthrene derivatives.® More recently,
Muszkat and Fischer have reported a detailed study of
the photoisomerization of various cis-stilbenes to 4a,-
4b-dihydrophenanthrenes as well as the reversal of this
reaction either by light or thermally in the dark.” In
an accompanying paper,® we have described the prep-
aration of three [2.2]metacyclophan-1-enes (3, 4, and 5),

(1) We thank the National Science Foundation and the Office of
Naval Research (Contract Nonr-2771(OR), NR-055-468) for their
support of this investigation,

(2) Abstracted from the doctoral dissertation of C. E. Ramey, Uni-
versity of Oregon, 1968.

(3) This is paper XXI in our series on *‘Aromatic Molecules Bearing
Substit.uents within the Cavity of the w-Electron Cloud.” For the
preceding article, see H. Blaschke, C. E. Ramey, I. Calder, and V. Boekel-
heide, J. Amer. Chem. Soc., 92, 3675 (1970).

(4) G. N. Lewis, T. T. Magel, and D. Lipkin, ibid., 62, 2973 (1940).
(lg(gg)w. M. Moore, D. D. Morgan, and F. R. Stermitz, ibid., 85, 829

(6) F.B.Mallory, J. T. Gordon, and C. S. Wood, ibid., 85, 828 (1963).

(7 K. A. Muszkat and E. Fischer, J. Chem. Soc., B, 662 (1967).

which contain rigidly constrained cis-stilbene moieties.
In view of the extensive and detailed studies by Muszkat
and Fischer with the simple cis-stilbenes, it seemed ap-
propriate to make a comparative study of the photo-
isomerization of our more rigid molecules as well as to
examine the kinetics of the reverse, thermal, dark reac-
tion.

dark
(or bv")

1

In each case irradiation of solutions of the [2.2])-
metacyclophan-1-enes (3, 4, and 5) led to a photosta-
tionary state in which the [2.2]metacyclophan-1-ene was
in equilibrium with the corresponding 4,5,15,16-tetra-
hydropyrene (6, 7, and 8). As expected, the photo-
isomer 6 is extremely sensitive to oxygen, being readily
oxidized to 4,5-dihydropyrene (9). This sensitivity of
4a,4b-dihydrophenanthrenes to oxygen has been well
documented previously.>7 However, when the 4a and
4b positions are occupied by methyl rather than hy-
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