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3,11 -Dihydro- 5,11 {1, 2’ benzenocvclohepia [5] naphtha-
fenvlium tetrafluoroborate(l —} (2) has attracted consider-
able attention in recent vears in studies of intramelecular
charge-transfer between donor and acceptor componenis
fixed in rigid spatial arrangements.” It was first svnthesized
by Nakazawa and Murata in 19777 and then by Butler and
Gupta in 19783 The Japanese group prepared the com-
pound vig a 1welve-step synthesis starting from commercially
available tropolone invelving cvcloaddition of 4,5-dide-
hydrotropone and anthracene followed by reduction, elimi-
nation and final abstraction of a hydride ion. The overall
vield of this sequence was below 1%.* The Canadian group
used a six-step synthesis which involved cvcloaddition of
maleic anhydride and anthracene, conversion of the cyelo-
adduct into 9.10-dihydro-11,12-dimethylene-9,1(-ethano-
anthracene, cyvcloaddition onto cyelopropene, subssquent
dehvdration  with 2 3-dichlore-5.6-dicyano-1,4-benzo-
quinone and finally abstraction of hyvdride. The overall vicld
of this seguence was 32%.° During a study on the isomerisa-
tion of dihydro-5,11{1".2"]-benzena-5 H-cyclohepta| b|naph-
thalenes discussed below, a convenient one-pot svnthesis of
2 has been developed which affords this compound on, for
example, a 3 ¢ scale starting from commercially available
triptycene (1. The reaction involves a copper(s} bromide-
catalysed ring enlargement by diazomethane in beiling
methylene dichloride and subsequent conversion with
triphenylmethylium tetrafluoroborarte as shown in Scheme 1.
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The title compound 2 was prepared in a vield of 34%
{based on consumed wriptveene). The full paper presents the
complete structural assignment and spectroscopic dawa of
this substance. Moreover, it describes the direct photolysis of
7,11-dihydro-2,11[1, 2 |benzeno-3 H-cyclohepta 5] naphtha-
lene (3) which affords the 3a,11-dihvdro isomer (4) as the
primary photoproduct, with prolonged photolysis aifording
2a.da. 3, 10-tetrahydro- 3,10 (1, 2" - henzeno- 5 H-cyclobuta-
[2.3]cyclopenta{l,2- b naphthaicne (5} and its 2a,3,5,10-
tetrahydro isomer {6} resulting from intramolecuiar [2 — 2
photocyelization of the two cycloheptairienes. The corra-
spording deuterated compound |*H,]-3 upon dirsct photo-

*FPreseny address: Baurnstrasse 8, D-4300 Essen 1, Germany.

lysis afforded [*H;]-4 wherein the deuterium is concentrated
at the 7 and 9 positions of the cycioheptatriene moiety.

Scheme 2

The isomerisation of 3 and 4 is shown in Scheme 2. Under
direct irradiation at 254 nm, 3 in E,O underwent facile
photoisomerisation to afford 4 as the main photoproduct,
the non-photochemical svathesis and spectroscopic data of
which have already been published.® On prolonged irradia-
ton, whereby a photostationary state between 3 and 4 is
established, two further photoproducts, 5 and 6, were
abtained in miner amounts in the ratio 2:1. These photo-
isomers were inseparable under HPLC conditions. However,
their structures were established by analysis of their 'H
NMR spectra and by the results of nuclear magnetic double
resonance experiments.

Technigues used: Mediume-scale diazomet]}ans conversion, direct
irradiation, HPLC separation, 'H NMR, PC NMR, IR, MS, UV,
double resonance experiments. deuterium labelling
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Study on the Isomerisation of 9,10-Dihydro-

9,10-{(X’,X’-cyclohepta-trieno janthracenes

Ralf Sieckmann, Baumstr, 8; Essen, Germany

Direct photolysis of 9,10-dihyvdro-9,10-(2’,3’-cycloheptatrienc)-
anthracene 1 afforded 9,10-dihydro-9,10-(1’,7’-cycloheptatrienoc)-
anthracene 2 as primary photoproduct. The prolonging of the pho-
tolysis afforded 9,10-dihydro-9,10~-(8’,7’-bicyclo{3.2.03"»7" ]-
hepta-1',4’-dieno)anthracene 3 and 9,10-dihydro-9,10-(6’,7’-
bicyclo~-[3.2.03°,7  ]-hepta-1’,5’-dienc)anthracene 4 resulting from
intra-molecular [2+2]-photocyeclisation of the +two c¢yclohepta-
trienes. The corresponding deuterated compound 1l4: upon direct
photolysis af-forded 241 wherein the deuterium is concentrated at
the 3 and 5 position of the cyecloheptatriene moiety. Compound 1
was stable upon heating at 130°C for 24 h.

9,10-Dihydro-9,10-(9 X',10 X'-cycloheptatrieno)anthracenes are re-
presentatives of a bichromophoric molecules’s class i.e. of mole-
cules comprising two chromophores not directly conjugated with one
another. Said molecules, from the theoretical point of view, may
photochemically react either as typical cyclcheptatriene deriva-
tives,! or via a di-m-methane-rearangement as a dibenzobarrelene
derivative? or via a carhene intermediate3 or by an interaction of
the two type of chromophores.?

E

The iscomerisation of 1 is shown in the schenme.
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1 under direct 254 nm-irradiation in Etz0 underwent facile photo-
igsomerisation to afford 2 as the main photoproduct, the nonphoto-
chemical synthesis and spectroscopic data of which have heen al-
ready published.?

On prolonged irradiation two further photoproducts 3 and 4 are ob-
tained in minor amounts being produced in the ratio 2 : 1 which
are unseparable under HPLC-conditions. However, the structure of
these photoisomers was established by analvsis of its 'H-NMR spec~
tra and by the results of nuclear magnetic double resonance expe-
riments.

The aliphatic portion of the lH-NMR spectrum of 3 consists of a
doublet of doublets at 2.79 ppm, a complex gignal at 3.10 ppm, a
bridgehead singlet at 4.25 ppm and a bridgehead doublet at 4.40
ppm; the olefinic portion consists of two singlets at 5.58 ppm, a
dublet at 6.05 ppm and a dublet of dublets at $.33 ppm. Thus, 3 is

the intramolecular {2 + Z2)-photocyeclization product cf photcisomer



1 under direct 254 nm-irradiation in EtzO underwent facile photo-
isomerisation to afford 2 as the main photeproduct, the nonphoto-
chemical synthesis and spectroscopic data of which have been al~
ready published.?

On prolonged irradiation two further photoproducts 3 and 4 are ob-
tained in minor amounts being produced in the ratio 2 : 1 which
are unseparable under HPLC~conditions. However, the structure of
these photoisomers was established by analysis of 1its 13-NMR spec-~
tra and by the results of nuclear magnetic double resonance expe-
riments.

The aliphatic portion of the 1H-NMR spectrum of 3 consists of a
doublet of doublets at 2.79 ppm, a complex signal at 3.10 ppm, a
bridgehead singlet at 4.25 ppm and a bridgehead doublet at 4.40
ppm; the olefinic pertion consists of two singlets at 5.58 ppm, a
dublet at 6.05 ppm and a dublet of dublets at 6.33 ppm. Thus, 3 is
the intramolecular [2 + 2]-photocyclization product of photoisomer
2, i.e. 9,10—dihydro—9,10*(6’,7’~bicyclo[3.2.03’»7’]hepta—l’,4’—

dieno)anthracene,



The aliphatic porticn of the 1H~-NMR spectrum of 4 consists of a
doublet of doublets at 2.30 ppm, & dublet at 2.30 »ppm, a breoad
doublet at 2,98 ppm, a bridgehead singlet at 4.37 ppm and a brid-
gehead singlet at 4.88 ppm; the olefinic portion consists of a
triplet at 5.40 ppm, a doublet of dublets at 5.63 ppm and a dublet
at .26 ppm. Thus, 4 is the intramoclecular [2 + Z2]-photocycliza-
tion product of 1, i.e. 8,10~-dihydro-9,10-(6’,7'-bicvclo-
[3.2,037:7’ lhepta-1',5"'~dienc)anthracene.

The direct photolysis of lai1 afforded 2a1 having a 1H-NMR spectrum
which is almost similar to the spectrum of 2, However, as could be
estimated from the design of the broad signals of the olefinic hy-
drogens of said compound in contrast to the less broad signals of
the methylene group and the sharp signals of the bridgeheadprotons
this photoproduct is obtained by 1,3-sigmatropic shifts wherein
the deuterium is mainly concentrated at the positions 5 and 3.

To get more informaticons on the above isomerisation thermolysis of
1 has been performed for 24 h at 130 C, however, no thermal isome-
rigsation could be detected., Likewise, T. Mukai et al showed that 2
does not isomerize even at 150 C for 40 h.5

The synthesis of the starting material 9,10-dihydro-9,10-(27,3° -
cycloheptatrienc)anthracene 1 by a multistep-approach is published
elsewhere.®, 7 The independent synthesis of 9,10-dihydro-9,10-
(1’,7’-cycloheptatrienoanthracene 2, the primary wpvhotoproduct of

this study, is also published.?

The melting points are corrected and were taken using a Tottolil
apparatus. H-NMR spectra were recorded on & Bruker WP-80 (80 MH=z)
and 13C-NMR spectra were recorded on a Bruker WH 9C (22.64 MHz).
Mass spectra were measured on a Varian CH-5. IR-spectra were re-

corded on a Perkin-Elmer 257. The UV-spectrum was recorded on a



Perkin Elmer 402. The solvents were dried before use. The synthe-
sis of 9,10~-dihydre~-9,10~{o~tropylic}anthracene tetrafluoroborate

is published elsewhere.®.7,8

9,10-dihydro-9,10-(2?,3’-cycloheptatrieno)anthracene {1):

To 9,10-dihydro-9,10-(o~tropyliclanthracene tetrafluoroborate
{(0.912 g, 2.57 mmel) dissolved in dry MeCN (300 ml) sodium boro-
hydride (0.29 g, 7.7 mmol) was added and the reaction mixture was
stirred for about 120 min. The pale yellow emulision was then con-
centrated in vacuo to about 10 ml, and water (200 ml) was added to
the residue. The aqueous phase was extracted six times with pen-
tane and after drying (sodium sulfate), the solvent was removed
from the combined organic phases in vacuo,

Recristallisation from MeQOH afforded compound 1 as colorless cris-
talls {yield: 390 mg (56.4 %})).

mp: 202°C (Lit.® 198°C-199°C, Lit.? 202°C}).

LHU-NMR (tetradeuteriomethanol): & = 2.24 (t, 2H, J = 7.2 Hz), 4.94
(s, 1H), 4.98 (s, 1H), 5,20 (dt, 1 H, J = 6.3 and 9.6 Hz), 5.41

(t, 1H, J

i

6.3 Hz), 5,94 (dd, 1H, J = 6.1 and 9.6 Hz), 6.55 (d,
1H, J = 6.1 Hz), 6.85-7.60 ppm (complex, 8H).

130-NMR (deuteriochloroform): & = 27.55 ({(t, 1C, J = 128.0 Hz},
55.11 (d, 1¢, J = 140.9 Hz}, 56.62 (4, 1Cc, J = 138.1 Hz}, 113.80
{d, 1C, J = 156.3 Hz), 117.96 (d, 2C, J = 155.7 Hz), 122.21 {(d,

ic, J = 156.3 Hz), 123.21 (&, 2¢, J 160.0 Hz), 124.60 (4, 2¢, J

H

= 159.0 Hz), 125.56 (d, 2C, J = 159.0 Hz), 125.82 (d, 2C, J =
160.0 Hz), 126.68 (d, 2C, J = 159.0 Hz), 143.57 (s, 1C), 144.10

(g, 4C), 144.35 ppm (s, 1C).



TR (KBr): 3050 (s), 3000 (=), 2980 (s), 1470, 1460, 1380, 1320,
1310, 1205, 1200, 1165, 1140, 1120, 1030, 935, 900, 885, 840, 810,
790, 770 (), 765 {(s), 740 (s), 720 (s}, 700 (s}, 655 cm~! (s).
MS, m/z (relative intensity): 269 (22, M*+1), 268 (100, M*}, 267
(57), 265 (29), 254 (18), 253 {65, Czc¢His* )}, 252 {53), 239 (1B),
178 (20), 126 (28).

UV (MeCN): 274 (3.62), 279 nm (3.74).

9,10—dihydro—9,10-(7’—deuterio—2’,3’—cycloheptatrieno)anthracene

(la1}:

This compound was synthesized in analogy to the undeuterated com-
pound 1, using sodium borodeuteride (0.35 g, 8.4 mmol) and $,10-
dihydro-9,10-(o-tropylic)anthracene tetrafluorocborate (1.5 g, 4.2
mmol) as starting materials affording the deuterated compound in a
vield of 766 mg (68.1 %) after cristallisation from MeOH. mp: 202
°C

1H-NMR (deuteriochloroform}: & = 2.20 (br. t, 1H, J = 6.4 Hz ),
4,92 (s, 1H), 4.95 {s, 1H}, 5,17 {dd, 1 H, J = 6.5 and 9.8 Hz),
5.40 (d, 1H, J = 6.5 Hz), 5,96 {dd, 1H, J = 6.0 and 9.8 Hz), 6.54
(d, 1H, J = 6.0 Hz), 6.85-7.40 ppm {(complex, 8H).

130-NMR (deuteriochloroform): & = 27.21 (t, 1Cun), 55.15 (d, 1Cj},
56.66 (d, 1C), 118.71 (4, 1C}, 117.86 (d, 2C}, 122,72 (d, 1C},
123.20 (4, 2¢), 124.55 (d, 2¢), 125.52 (d, 2C), 125.85 {d, 2C),
126.70 {(d, 2C), 143.64 (s, 1lC), 144.15 (s, 4C), 144.50 ppm (s,
icy.

MS (degree of deuteration): do = 11.4%, dy = 87.8%, dz2=0.8%

9,10—dihydro—9,10—(1’,7’—cycloheptatrieno}anthracene {2):



A solution of 1 {100 mg, 0.37 mmol) in dry Et20 (800 ml) was irra-
diated in a gquartz vessel using a Rayonet-Photochemical Reactor
with 16 RPR 2537 phosphor lamps. The solution was purged with dry
nitrogene prior and during the irradiation and the reaction heat
was removed bv tap water cooling. After 30 minutes 84 % of the
starting material was consumed which was monitored by reversed
phase HPLC. The solvent was removed in vacuo, the residue dissol-
ved in 20 ml hexane and eluted over a silicagel column and the e-
luent containing the reaction mixture after again removing the
solvent was separated by semipreparative reversed phase HPLC
{column: C-18 on lichrosorb S$i 100, 1C um, 150 mm 15.5 mm i. d.;
mobile phase MeOH/H20=82/18).

Three fractions were collected each of which were extracted with
pentane yielding 52 mg (52 %) of compound 2 from the second frac-
tion which after recristallisation from pentane has a mp of 138°C
(Lit.5 138°C).

1H-NMR {deuteriocchloroform)}: & = 2.48 {(m, 1H), 4.56 (d, 1H, J =
3.0 Hz), 4.77 (dd, 1H, J = 4.0 and 9.5 Hz), 4.88 (s, 1H), 5,98
(complex, 1H), 6.29 (complex, 3H), 7.05-7.50 ppm {complex, 8H).
Double resonance experiments: irradiation at 4.77 ppm let to de-
coupling at 2.48 ppm (into a dublett} and at 5.98 ppm (into a dd};
irradiation at 5.98 ppm let to decoupling at 2.48 ppm (into a dd)
and at 4,77 ppm (into a dublett).

130-NMR (deuteriochloroform): & = 43.34 (d, 1iC}), 48.04 (d, 1C},
53.95 (d, 1C), 117.82 (4, 1¢), 123.00 (d, 1c), 128.556 (4, 1C),
123.91 (4, 1¢), 125.43 (4, 1C), 125.64 (d, 1c), 125.73 (d, 1C},
125.82 (d, 1¢C), 126.00 (4, 1C), 126.27 (4, 1C), 126.70 (d, 1C),
128.34 (d, 1¢), 129.73 (4, 1C), 142.13 (s, 1C), 143.32 (s, 1C},

143,93 (s, 1C), 145.05 ppm (s, 2C}.



IR (KBr): 3030 (s), 3000 (s}, 2850 (s), 1750-1560, 1550, 14853,
1470 {(s), 1460 (s), 1390 (s), 1275, 1170, 1120, 1030, 820, 815,
760 (s), 750 {s), 730 {(s), 710 {s), 645 cm-1 (s).

MS, m/z (relative intensity): 269 (19, M**1l), 268 (22, M), 267
(26), 265 (15), 253 (14, CzoeH13*), 252 (13), 181 (18), 179 (18),

178 (100, Cie¢Hio*), 90 (186).

9,10—Dihydro—9,10~(6’,7’—bicyclo[3.2.03's7'}hepta-l’,4’—dieno)—an—
thracene (3) and
9,10—Dihydro—9,10—(6’,7’—bicyclo{3.2.03’:7']heptawl’,s’adieno)—

anthracene (4)

The photolysis of 1 (100 mg) described above for the synthnesis of
2 has been repeated 4 times for about 40 minutes and the crude re-
action mixture after eluation was separated into three fractions
using a tetranitrofluorenone coated reversed-phase column {2 co-
lumns, one behind the other, tetranitrofluorenone on Lichrosorb Si
100, 10 um, 150 mm, 15.5 mm i. d.; mebile phase: MeOH/H20:96/4).
The extraction of the third fraction with pentane yielding white
cristalls of a unseparable mixture of 67 % 3 and 33 % 4 (10 mg,
2.5 %) the weight amounts and the structure of which is determined
by 1H-NMR and double-resonance studies.

Compound 3:

1H-NMR {(deuteriochloroform): 8= 2.79 {(dd, 1H, J = 2.7 and 4.0 Bz),
3.10 {complex, 1 H), 4.25 (s, 1H)}, 4.40 (4, 1H, J = 2.7 Hz), 5.58
(s, 2H), 6.05 (4, 1H, J = 2.88 Hz), 6.33 {dd, 1H, J = 2.68 and 0.5
Hz) and 6.95 - 7.90 ppm {(complex, 8H).

Double resonance experiments: irradiation at 2.79 ppmn let to de-

coupling at 4.40 ppm (into a singlet), irradiation at 3.10 ppm let

to decoupling at 6.33 ppm (into a doublet), irradiation at 4.40



ppm let to decoupling at 2.79 ppm {into a doublet), irradiation at
6,05 ppm let to decoupling at 6.33 ppm (into a doublet) and irra-
diation at 6.33 ppm let to decoupling at 6.05 ppm (into a sing-
let).

Compound 4:

IH-NMR (deuteriochloroform): & = 2.25 {(dd, 1H, J = 2.0 and 4.5
Hz), 2.30 (4, 1H, J = 2.6 Hz), 2.98 (br. d, 1H, J = 2.70 Hz), 4.37
(s, 1H), 4.88 (s, 1H), 5.40 (t, 1H, J = 2.6 Hz), 5.63 (dd, 1H, J =
2,72 and 2,70 Hz), 6.26 (d, 1H, J = 2.72 Hz)} and 6.85 tc 7.90 ppm
(complex, 8H}.

Double resonance experiments: irradiation at 2.25 or 2.30 ppm, re-
spectively, let to decoupling at 2.98 ppm (into a singlet)} and at
5.40 ppm (into a singlet), irradiation at 2.98 ppm let to decoup-
ling at 5.63 ppm (into a doublet), irradiation at 5.40 ppm let to
decoupling at 2.25 ppm {(into a doublet)} and at 2.30 ppm {intc a
doublet) and irradiation at 5.63 ppm let to decoupling at 2.88 ppm
(into a doublet) and at 6.26 ppm (into a singlet).

Compounds 3 and 4:

MS, m/z (relative intensity): 269 (13, M+**1), 268 (66, M), 2867
{39), 265 (16), 253 (29, CzeHi3*}, 252 (25), 239 (13), 179 (29},
178 {100, CieHio* ), 126{13).

UV {MeOH): 278 (2.86), 254 (3.04), 209 nm (4.00).

Direct photolysis of 9,10-dibydro-9,10-(7’-deuterio-2’,3’-cyclo-

heptatrieno)anthracene {(lai}:

A solution of 1lai (100 mg; 0.37 mmol) in Et20 (800 ml} was photo-
lvzed as described above for the conversion of 1 into 2. Purifi-
cation and separation of the second fraction of the photolyzed

product compound 2d as colourless cristalls {44 mg) shown to be



9,10vdihydro-9,10—(X3:5*deuterio—1’.7’—cycloheptatrieno)anthra—
cene) by l1H~NMR evaluation.

tH-NMR (deuteriochloroform): The chemical shifts are almost iden-
tieal with those of the parent compound 2. However, as could be
shown by comparing the values of the two bridgehead hydrogens and
of the methine poroton with those of the cyclcoheptatriene hyvdro-
gens, the deuterium absorption has been mainly distributed at the
positions 3 and 5 of the cycloheptatriene moiety.

M8 (degree of deuteration): do = 10.0 %, di =88.2 %, dz = 1.8 %.

Thermolysis of 1:

A solution of 1 {20 mg) in o-dichlorobenzene (50 ml} was refluxed
for 24 h at 130°C. After recovery of the substrate from the sol-
vent a 'H-NMR spectrum of this product revealed that it still only

consists of pure §,

The author is indebt to Professcor H. Hemetsberger, Bochum, feor his
guidance and inspiration, to J. Hartmann, Bochum, for runhing the
1H-NMR spectra and the double rescnance experiments and to H. Ric-

ken, Bochum, for assistance with HPLC separations.
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