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DIENOPHILIC ANTHRACENES: FORMATION OF NOVEL TRIPTYCENES via THERMAL AND

PHOTOCHEMICAL INTRAMOLECULAR DIELS-ALDER REACTIONS OF DIANTHRYLETHANES
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Abstract: 1,2-Di(9-anthryl)ethanes, accessible by thermolysis of lepidopterenes, undergo
thermal and photochemical intramolecular Diels~Alder reactions to give 1,2-dihydroanthracenes

whose aromatization leads to novel derivatives of triptycene.

1,2-Di(9-anthryl)ethanes 2 are of photochemical interest, as their excited state reacti-
vity and the thermodynamic properties of their [4+4] cycloaddition products 1 are affected
by the substituent R.1 Unfortunately, the conventional synthesis of dianthrylethanes from
9-anthrylmethyl halides by treatment with Grignard reagents is impaired by the concomitant
formation of isomeric lepidopterenes 4 which are difficult to separate.2 On the other hand,
lepidopterenes are easily obtained in high yield by reaction of 9-anthrylmethyl halides
with stannous chloride.3

Lepidopterenes in solution have previously been shown to be in equilibrium with their
[4+2] cycloreversion products, i.e. 9-anthrylmethyl o,p—dimers 3. We have now found that
lepidopterenes at, or slightly above, the temperature of their melting points are smoothly

converted into dianthrylethanes 2. The yields of isolated products are 80-90% (See Table 1).
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TABLE 1. Thermolytic Conversion of Lepidopterenes 4 into Dianthrylethanes 2.

2,4 a b c d e f g
H CH, C2H5 benzyl phenyl t-B-styryl ot-naphthyl—CH2
mp of 4 317-23 308-12 292-95 256-60 273-77 270-73 293-96 °c
mp of 2 328-30 281-82 264-67 267-69 323-26 300-04 340-43 °c
yield (%) 82 80 82 90 82 78 82

Surprisingly, thermolysis of tetrachlorolepidopterene 5 at 320 °C for 2 min was found

to result in the evolution of hydrogen chloride and the formation of a crystalline product
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1H—NMR, and electronic absorption spectrum (see Fig. 1)

(mp 315 °C; 867 yield) for which M,
are in agreement with the novel triptycene derivative 8 (cf. Tables 2 and 3).4

The formation of triptycene 8 can be rationalized by invoking an intramolecular Diels-
Alder reaction of the intermediate 1,1',5,5'-tetrachloro-substituted dianthrylethane 9, in
which one anthryl moiety reacts as a diene, and the 1,2-bond of the other serves as a dieno-
phile. The resulting two isomeric 1,2-dihydroanthracenes 6 and 7 are assumed to aromatize
by way of dehydrohalogenation (cf. Scheme I).

In search of direct evidence for the unprecedented thermal isomerizarion of a dianthryl-
ethane by intramolecular Diels-Alder reaction, we have synthesized 9 by an unambiguous route5
and confirmed its smooth thermal conversion into 8 at 210 °c. Moreover, by carrying out the
thermolysis of 9 in refluxing toluene, we have obtained as major products those two con~

ceivable 1,2-dihydroanthracenes 10 and 11, which derive from an intramolecular Diels-Alder

reaction involving the unsubstituted 7,8-bond of 9 as a dienophile.

Scheme I

Note:
The stereochemical
assignments of 10

and 11 are not

8 ¢
10(422), 11(232)

proven.
TABLE 2. Thermal Conversions of 5, 9, 10, and 11.
T
% solvent time product L— ° solvent time product

5 320 - 2 min  8(86%) i 9 210 - 5min  8(88%)

5 240 xylene 60 min  8(927%) : 9 173 decane 15 min 8(1007)

10/11 230 - 2 min  8(92%) { 9 110 toluene 90 min 8(277), 87)
1

Dehydrogenation of 8 and 10/11 with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) leads to
triptycene derivatives 12 and 13, respectively. The parent hydrocarbon 14, previously6 hard
to come by from cis-1,2-di(9-anthryl)ethylene (16) via its photo-isomer 15, was now obtained
in 70% yield by a simple one-pot procedure which involves keeping a solution of dianthryl-
ethane 2a and two molar equivalents of DDQ in benzene in a sealed tube at 240 °c for 1 h.7
The electronic absorption spectra of triptycenes 12-14 are of interest because they are
characteristic of the planar 9-vinylanthracene chromophore (see Fig. 2)? Consequently, 12-14

fluoresce with high quantum yields of 85, 89, and 967, respectively; (@F of 8 is 187).
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Fig. 1-3. Electron spectra of triptycenes (8, 12, 13, 14) and Diels-Alder adducts (10, 11, 17).

We have found during the course of the present investigation that dianthrylethanes 2 also
can undergo photochemical isomerization by intramolecular Diels-Alder reaction, though this
mode of cycloaddition generally will be obscured by the more efficient [4+4] cyclomerization
leading to 1. However, when the cycloadducts 1 are characterized by low thermal stability and
undergo cycloreversion, the photochemical route to intramolecular [4+2] cycloadducts from di-
anthrylethanes 2 becomes feasible. For example, 1,2-bis(10-methyl-9-anthryl)ethane (2b) upon
irradiation isomerizes with a quantum efficiency of 0.14 to give 1b, whose half-life at 25 °c
is as short as 33 min.1 However, irradiation of 2b (100 mg; 125 W high-pressure mercury lamp;
kexc >360 nm) in benzene (300 mL) at 70 °C for 16 h leads to the Diels-Alder isomer 17, which
was isolated in 687 yield. Its UV absorption spectrum is in agreement with the 1,2-dihydro-
anthracene chromophore which also characterizes the absorption spectra of Diels-Alder prod-
ucts 10 and 11 (see Fig. 3). The 1H-NMR spectral data of Diels-Alder adducts 10, 11, and 17

as well as those of triptycenes 8, and 12-14 are summarized in Table 3.
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TABLE 3. Characterization of Diels—Alder Products and Triptycenes by 1H NMR and MS

mgﬁoc arom./olef.H bridgeheadH aliphaticH formula requires found
8 315 8.79-6.82 6.05 4.47-3.07 CyoHy ,ClLy 482.0398 482.0382
10 192,dec.  7.68-6.08 5.03 4.73-2.21 CyoH; 5ClLy 518.0165 518.0165
11 223,dec.  7.63-6.20 4.71 5.15-2,96 C3oH1gCly 518.0165 518.0159
12 329-31 8.73-6.92 6.24 - CyoH;5C15 480.0242 480.0239
13 >350 9.40-6.92 6.18 - CyoHp4Cly 513.9852 513.9836
14 293 8.45-6.94 5.74 - CioHisg 378.1409 378.1411
17 262-66 8.01-5.96 - 3.87-2.84 CaoHpe 410.2036 410.2046
CH3:2.43;2.04

In conclusion, the experiments described above verify the dienophilic character of the

anthracene 1,2-bond whose remarkably short bond length had previously been established by

X-ray diffraction.g’m’11
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