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(7R,14R)-(+)-7,14-Dihydro-7,14-ethanodibenz[a,k]anthracene (1), and the 2,9-dimethyl- (2) and 2,4,9,11-
tetramethyl- (3) derivatives were synthesized from (9R,10R)-(+)-9,10-dihydro-9,10-ethanoanthracene-1,5-di-

carbaldehyde (4) of known absolute configuration.

The CD spectra of 1, 2, and 3 clearly exhibit positive first

and negative second Cotton effects due to the coupling of the !B, transitions of two naphthalene chromophores:
Aégsr.0=+326.5, Aeygq.o=—180.5, A=+507.0, for 1; Aesgg.q=—+371.5, Aegp;.o=—149.4, A= +520.9, for 2;
Aéygs.0=+340.3, Aeggs.o=—88.0, A=-+428.3, for 3. Since the sign of the 4 values is positive, positive exciton
chirality between the two long axes of the naphthalene moieties is assigned. The (7R,14R) absolute configuration
of 1, 2, and 3 is established by both CD exciton chirality and X-ray Bijvoet methods.

The circular dichroic exciton chirality method
based on chiral exciton coupling between two or more
chromophores enables one to determine the absolute
stereochemistry of organic compounds in a nonempiri-
cal manner.1>?) We have reported the synthesis and
absolute configuration of (+)-6,15-dihydro-6,15-ethano-
naphtho[2,3-c]pentaphene determined by the exciton
chirality method and chemical correlations, providing
definite evidence of the consistency between nonempiri-
cal CD and X-ray crystallographic methods.3:%

This paper describes the synthesis and absolute
stereochemistry of (4-)-7,14-dihydro-7,14-ethanodibenz-
[a,h]anthracene and its derivatives. The CD spectra
of these compounds show typical split Cotton effects
due to the chiral exciton coupling between two naphtha-
lene chromophores. The absolute configuration deter-
mined by the present CD method is in accord with that
obtained by the X-ray Bijvoet method, as in the case
of (+4)-6,15-dihydro-6,15-ethanonaphtho[2,3-¢c]penta-
phene.

Results and Discussion

Synthesis of (7R, 14R)-(+ )-7,14-Dihydro-7,14-ethano-
dibenz[a,h]anthracene (1) and the 2,9-Dimethyl- (2) and
2,4,9,11-Tetramethyl- (3) Derivatives. Compounds
1, 2, and 3 were synthesized from (9R,10R)-(+)-
9,10-dihydro-9,10-ethanoanthracene-1,5-dicarbaldehyde
(4), mp 128.0—129.5 °C, [«], +487.3° the absolute
stereochemistry of which has been established by
chemical correlations.?%
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In order to elongate side chains, dialdehyde 4 was
subjected to the Wittig reaction with y-benzyloxypro-
pylenetriphenylphosphorane to afford an isomeric mix-
ture of bisbenzyl ether 5 in an almost quantitative
yield (Scheme 1). Catalytic hydrogenation of 5 over
palladium on charcoal in acetic acid containing a
catalytic amount of sulfuric acid, and successive hydro-
lysis of the intermediary acetate formed yielded glycol

6. Oxidation of glycol 6 with Jones reagent, followed
by cyclization of the resulting dicarboxylic acid 7 with
polyphosphoric acid gave (+)-diketone 8, [«];, + 184.6°.
Thne Huang-Minlon reduction of 8 afforded hydrocarbon
9, which was subsequently oxidized with DDQ to yield
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the desired hydrocarbon (+)-1, mp 234.0—235.5 °C,
[e]p +670.0°.

In the cases of hydrocarbons 2 and 3, dialdehyde
4 was allowed to react with a-methoxyethylenetriphenyl-
phosphorane to give an isomeric mixture of bisvinyl
ether, which was hydrolyzed to diketone 10 (Scheme 2).
Diketone 10 was subjected to the second Wittig reac-
tion with triethylphosphonoacetate to yield a cis,trans
isomeric mixture of diester 11. Catalytic hydrogena-
tion of the unsaturated diester 11 over platinum oxide
and the hydrolysis of ester groups afforded dicarboxylic
acid 13, which was cyclized with polyphosphoric acid
yielding diketone 14. Although the NMR signal of
the secondary methyl groups of compound 14 appears
as one doublet, diketone 14 could be considered to be
a mixture of three possible stereoisomers. Diketone
14 was subjected to the Huang-Minlon reduction giving
hydrocarbon 15, which was oxidized with DDQ to
yield the dimethyl derivative (+)-2. Methylation of
14 with methyl lithium and successive treatment with
DDQ afforded the tetramethyl derivative 3.

Since the absolute configuration of the ethano-bridge
remains unchanged throughout all the reactions, the
(7R,14R) absolute stereochemistry of compounds 1, 2,
and 3 has been established by the present chemical
correlations.

Circular Dichroic Spectra and Absolute Stereochemistry.
The linear dichroic properties of electronic transitions
of naphthalene chromophore are established as follows.
The weak 'L, transition around 310 nm (& 200) and the
intense B, transition around 220 nm (e 100000) are
polarized parallel to the long axis of the chromophore,
while the L, transition of medium intensity around
280 nm (e 5800) has an electric transition moment
along the short axis of the chromophore.?

Of these transitions, the allowed 1B, transition is
ideal for chiral exciton coupling because of its large
extinction coefficient value. In fact, hydrocarbon (4)-
1 exhibits strong split Cotton effects due to the exciton
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Fig. 1. CD and UV spectra of (7R,14R)-(+)-7,14-

dihydro-7,14-ethanodibenz[a,k]anthracene (1) in
ethanol.
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coupling between the two B, transitions: the positive
first Cotton effect at 237.0 nm (Ae +4326.5) and the
negative second one at 224.0 nm (Ae —180.5); A(Ag;—
Ag,)=+4507.0 (Fig. 1).9

Since the sign of the A value is positive, it is established
that the hydrocarbon (+)-1 has positive exciton chirality
between the two long axes of the naphthalene moieties
(Fig. 1), which corresponds to the (7R,14R) absolute
configuration in line with the chemical correlation
results.

Similarly, compounds (+4)-2 and 3 exhibit strong
positive first and negative second Cotton effects in the
region of the 1B, transition (Figs. 2 and 3). As the
number of methyl groups increases, the Cotton effects
undergo red shift of 4—5 nm corresponding to that of
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Fig. 2. CD and UV spectra of (7R,14R)-(+)-7,14-
dihydro - 2,9 - dimethyl - 7,14-ethanodibenz[a,h]anthra-
cene (2) (see text for the solvent systems used).
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Fig. 3. CD and UV spectra of (7R,14R)-7,14-dihydro-
2,4,9,11-tetramethyl-7,14-ethanodibenz[a,A]anthracene
(3) in ethanol.
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UV spectrum, the second Cotton effect becoming
weaker and the positive first one remaining almost
unchanged. On the other hand, the third Cotton
effect of negative sign appears around 210 nm, becoming
stronger and undergoing red shift as the number of
methyl groups increases. In compound 3, the third
and second Cotton effects overlap each other. Although
the origin of the third Cotton effect is still unknown,
it is obvious that the unsubstituted hydrocarbon 1 is
superior to compounds 2 and 3 for observation of
exciton split Cotton effects.

In contrast to the case of the intense !B, transition,
the Cotton effects due to other weak transitions can
not be assigned in a straightforward manner. Com-
pounds 1, 2, and 3 show positive first and negative
second Cotton effects of medium intensity (Ae —27) in
the region of a 'L, transition (around 307 and 283 nm),
as if they were based on simple exciton coupling mecha-
nism (Figs. 1, 2, and 3). However, the sequence of
the sign of the Cotton effects, i.e., positive and negative
from longer wavelength side, is in conflict with the
negative exciton chirality predicted by a point dipole
approximation method. A similar situation was ob-
served for the weak L, transition of compound 1
around 325 nm; the sequence of the negative first
Cotton effect at 326 nm (Ae —4.3) and the positive
second one at 322 nm (Ae +5.0) disagrees with the
positive exciton chirality between the two long axes
of the chromophores. The pattern of the Cotton
effects also differs from that of (+4-)-7,14-dihydro-
7,14 - ethanodibenz [a, /] anthracene - 15,16 - dicarboxylic
acid.” Thus, the weak 1L, and L, transitions are un-
suitable for the exciton chirality method.

The CD spectrum of diketone 8 is of much interest
because of its peculiar behavior in the exciton coupling
between the two o-tetralone chromophores; the CD
spectrum exhibits split Cotton effects of Agyys o=—17.4
and Aeggge o= +24.7, correospnding to the intramolecular
charge transfer transition at 261.0 nm (¢ 28300) (Fig. 4).
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Fig. 4 CD and UV spectra of 1,2,3,7,8,9,10,14-octa-
hydro-7,14-ethanodibenz{a,]anthracene-4,11-dione(8)
in ethanol.
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Fig. 5. CD and UV spectra of 1,2,3,4,7,8,9,10,11,14-
decahydro-7,14-ethanodibenz[a,k]anthracene (9) in
ethanol.

Since the intramolecular charge transfer band has a
transition moment along the direction from benzene
to carbonyl group,®) positive exciton chirality is predicted
by projection of molecular models. However, the
observed sequence of the Cotton effects, i.c., negative
and positive, is the reverse of this prediction. A similar
case has beenreported for (—)-9,10-dihydro-9,10-ethano-
anthracene-2,6-diamine.”? It seems that the homo-
conjugation effect between the two chromophores makes
dominant contribution to the sequence of energy levels.

Hydrocarbon 9 shows a strong positive Cotton effect
at 222.5nm (Ae +496.4) and a negative one below
209 nm (Fig. 5). Although the extremum of the
negative Cotton effect could not be observed, these
Cotton effects are presumably due to the exciton
coupling of the allowed 1L, transition of the benzene
chromophores. However, the transition is unsuitable
for the exciton chirality method because of the ambi-
guity of polarization of tetra-alkylated benzene chromo-
phore. Moreover, in the region of a forbidden 1L,
transition around 280 nm, compound 9 merely exhibits
one negative Cotton effect with vibronic structure. It
is therefore impossible to determine the absolute con-
figuration of 9 on the basis of these Cotton effects.

For determination of absolute stereochemistries by
the circular dichroic method, it is important to chose
a suitable electronic transition of suitable chromophores
for chiral exciton coupling.

Experimental

General Procedures. Melting points are uncorrected.
Spectral data were recorded on the following instruments.
NMR: Jeol G-60HL, PMX60, and JNMPS-100 spectro-
meters; IR: Hitachi EPI-G2 infrared spectrophotometer;
MS: Jeol JMS-01 SG-2 mass spectrometer; UV: Hitachi
EPS-3T spectrophotometer; CD: Jasco J-20 spectropolarim-
eter; optical rotations: Jasco DIP-4 spectropolarimeter.

The following CD data are those of the extrema and zero
line intersections.
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Elemental analyses were carried out in the microanalytical
laboratory of our institute.

(3-Benzyloxypropyl) triphenylphosphonium Bromide. To a
solution of 2.88 g (11.0 mmol) of triphenylphosphine in 5 ml
of dry xylene and 25 ml of ligroine was added 2.29 g (10.0
mmol) of benzyl 3-bromopropyl ether.? The reaction mix-
ture was refluxed for 5.5 days under stirring, during which
time white crystals deposited. After being cooled to room
temp, the crystals were filtered, washed with petroleum ether,
and dried in vacuo, giving 2.760 g (56%,) of the phosphonium
salt: IR (KBr) vy.x 3025, 2850, 1580, 1480, 1435, 1120,
750, 740, 720, 700 cm—2.

1,5 - Bis(4-benzyloxyl-1-butenyl )-9,10-dihydro-9,10-ethanoanthra-
cene (5). To a suspension of 20 g (40.7 mmol) of (3-
benzyloxypropyl)triphenylphosphonium bromide in 100 ml
of dry THF cooled at —70 °C was added dropwise, over 10
min, 25 ml (1.55 mmol/ml, 38.75 mmol) of a solution of
butyl lithium in hexane under nitorgen atmosphere and
vigorous stirring. After the dark red reaction mixture had been
stirred for 15 min at —70 °C, a solution of 731 mg (2.79 mmol)
of (9R,10R)-(+)-9,10-dihydro-9,10 - ethanoanthracene - 1,5-
dicarbaldehyde (4),% mp 128.0—129.5 °C, [«]p, --487.3°,
in 30 ml of THF was added dropwise. The reaction mixture
was stirred overnight, during which time the temperature
was allowed to rise to room temp. After addition of water,
the mixture was extracted with ethyl acetate and the organic
layer was washed with water and brine. Evaporation of the
solvent afforded 11.623 g of syrup containing a large amount
of triphenylphosphine oxide, which was chromatographed
on silica gel giving 1.729 g (ca. 100%) of bisbenzyl ether 5:
IR (CHCl,) vmax 3000, 2950, 2850, 1450, 1360, 1100, 700cm—1;
NMR (60 MHz, CDCl,;) 6 1.63 (4H, br s, ethane bridge),
2.13—2.80 (4H, m, allylic), 3.33—3.77 (4H, m, « protons
of ether), 4.45—4.56 (4H, m, benzylic), 5.43—6.37 (2H, m,
bridge head), 6.67—7.46 ppm (20H, m, vinyl and aromatic).

9,70-Dihydro-9,10-ethanoanthracene-1,5-dibutanol  (6). A
mixture of 1.720 g (3.27 mmol) of bisbenzyl ether 5, 110 ml
of acetic acid, 1.0 ml of concd H,SO,, and 1.5 g of 59, palla-
dium on charcoal was magnetically stirred under hydrogen
atmosphere at room temp, for 35h. After removal of the
catalyst, the solution was poured into water and extracted
with ethyl acetate. The organic layer was washed with
water and brine, and evaporated to dryness. To the residue
(0.990 g) was added a solution of 2.5 g of KOH in 50 ml of
ethanol, and the mixture was gently refluxed for 3 h., After
being cooled to room temp, the reaction mixture was poured
into water and extracted with ethyl acetate. The organic
solution was washed with brine, and evaporated to dryness
yielding 0.789 g of syrup, which was subjected to preparative
TLC on silica gel (CHCl;-MeOH 20 : 1) giving 315 mg
(28%) of glycol 6: IR (CHCI;) v,y 3600, 3525—3100, 2995,
2920, 2850, 1460, 1425, 1140, 1045 cm~!; NMR (100 MHz,
CDCl,) 6 1.68 (14H, m, hydroxyl, ethane bridge, and 8 and
y protons to hydroxyl group), 2.80 (4H, m, benzylic), 3.68
(4H, m, « protons to hydroxyl group), 4.58 (2H, s, bridge
head), 6.82—7.28 ppm (6H, m, aromatic).

9,70-Dihydro-9,10-ethanoanthracene-1,5-dibutyric Acid (7).

To a solution of 283 mg (0.807 mmol) of glycol 6 in 35 ml
of acetone was added dropwise, under ice-cooling, 2.5 ml
(10.03 mmol of oxygen equivalent) of Jones reagent. After
being stirred at 0 °C for 3 h, water was added and the mixture
was extracted with ethyl acetate. The organic layer was
washed with brine, and dried over anhyd Na,SO,. Evapora-
tion of the solvent gave 264 mg (869,) of dicarboxylic acid
7 as white solid: IR (CHCl;) vy,,x 3500—2400, 2930, 1700,
1270,,1140 cm~; NMR (60 MHz, CDCl;) ¢ 1.50—2.23 (8H,
m, ethane bridge and § protons to carboxyl group), 2.47 (4H,
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t, J=7.0Hz, « protons to carboxyl group), 2.83 (4H, t,
J=7.0 Hz, benzylic), 4.0 (2H, br s, bridge head), 6.87—7.76
ppm (8H, m, aromatic and carboxyl).
(+)-1,2,3,7,8,9,10,14-Octahydro-7 ,14-ethanodibenz [ a,h] anthra-
cene-4,77-dione (8). A mixture of 213 mg (0.563 mmol)
of dicarboxylic acid 7 in 3 ml of polyphosphoric acid (pre-
pared by dissolving 10 g of P,O; in 10 ml of 85% H,PO,)
was heated at 90—100 °C for 3.5h under stirring. After
being cooled to room temp, the reaction mixture was poured
into ice-water and extracted with ethyl acetate. The organic
layer was washed with brine and dried over anhyd Na,SO,.
Evaporation of the solvent yielded 178 mg (92%) of diketone
8: IR (CHCL) vmex 2950, 1680, 1590, 1330, 1290 cm-1;
NMR (100 MHz, CDCl;) 6 1.72 (4H, s, ethane bridge),
2.16 (4H, br quintet, J=7.0 Hz, B protons to carbonyl),
2.62 (4H, dd, J=7.0 and 6.0 Hz, « protons to carbonyl),
3.12 (4H, t, J=6.0 Hz, benzylic), 4.70 (2H, s, bridge head),
7.24 (2H, d, J=7.6 Hz, aromatic meta to carbonyl), 7.88
ppm (2H, d, /=7.6 Hz, aromatic ortho to carbonyl); [«]p
+184.6° (¢ 0.00325, CHCl;); UV (EtOH) Ap,e 261.0 (e
28300), Amax 221.5nm (¢ 32700); CD (EtOH) Aggy. o=
+0.4, Aegor.0=+2.3 Ae2g3.0=0.0, Abyrs.o=—17.4, Atyes.s=
0.0, Aeasz.o=-+24.7, Acys.5=-451.9.
1,2,3,4,7,8,9,10,11,14-Decahydro-7,14-ethanodibenz[a,h]anthra-
cene (9). A mixture of 145 mg (0.423 mmol) of diketone
8, 0.75ml of hydrazine hydrate, and 5ml of diethylene
glycol was heated at 100 °C for 1 h. Potassium hydroxide
(900 mg) was added and the reaction mixture was heated at
200 °G for 2h, during which time volatile materials were
removed by distillation. ~After being cooled to room temp,
the reaction mixture was poured into ice-water, acidified to pH
1 with 2M HCI, and extracted with ethyl acetate. The
organic layer was washed with water and brine, and dried
over anhyd Na,SO,. Evaporation of the solvent afforded
226 mg of syrup, which was chromatographed on silica gel
(EtOAc-hexane 1 : 20) giving 35 mg (26%) of hydrocarbon
9: IR (CHCL) vmay 2920, 1450, 1430, 1140, 910 cm-1;
NMR (60 MHz, CDCl,) ¢ 1.53—2.03 (12H, m, ethane bridge
and methylene), 2.57—3.07 (8H, m, benzylic), 4.51 (2H, s,
bridge head), 6.73 and 6.97 ppm (2H each, d, J=17.5Hz,
aromatic): UV (EtOH) An,y 280.0 (¢ 900), An,.. 270.7
(¢ 900), Amax 263.0 (¢ 900), Amax 217.5nm (¢ 37900); CD
(EtOH) Aszgy.5=—2.3, Aenrg.0=—2.2, Als5.0=0.0, Aegy.5=
+96.4, Agyg9.0=0.0; MS m/e 314 (M+).
(+)-7,14-Dihydro-7,14-ethanodibenz[a,h]anthracene (1).
A solution of 35 mg (0.111 mmol) of hydrocarbon 9 and
300 mg (1.32 mmol) of DDQ in 10 ml of benzene was gently
refluxed for 4 h. After being cooled to room temp, excess
DDQ and hydroquinone formed were removed by chromato-
graphy on silica gel. Evaporation of the solvent gave 29 mg
(85%) of compound 1: mp 234.0—235.5 °C from ethanol;
IR (KBr) vm.x 3025, 2950, 2850, 1620, 1510 1380, 1170,
1150, 1140, 820, 805, 755, 740, 680, 535, 445 cm-1; NMR
(100 MHz, GDCl,;) 6 1.82 (4H, s, ethane bridge), 5.34 (2H, s,
bridge head), 7.26—7.86 (10 H, m, aromatic), 8.28 ppm
(2H, br d, /=8.0 Hz, aromatic); [«]p +670.0° (¢ 0.02030,
CHCly); UV (EtOH) An.x 325.0 (¢ 2500), An.. 283.5
(e 11100), Amax 232.3nm (£98200); CD (EtOH) Agyy=
—4.3, Ae303=0.0, Aezoa=1415.0, Aggpq.5=+25.5, Aétsg1.5=0.0,
Aéogz.0=—35.6, Aess9.0=0.0, Aeggq.0=+326.5, Agsz9.5=0.0,
Aéggzg.0=—180.5, Aeys.9=—115.0; MS m/e (relative inten-
sity) 306 (30, M+), 278 (100, M—GC,H,).
Found: mjfe 306.1410. Caled for C,Hyg: M, 306.1409,
1,7-(9,10-Dilydro-9,10-ethanoanthracene-1,5-diyl) di-2-propanone
(10). To a cooled (—70°C) suspension of 3.5 g
(8.05 mmol) of (1-methoxyethyl)triphenylphosphonium chlo-
ride in 30 ml of dry THF was added dropwise, over 10 min,
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5.4 ml (1.49 mmol/ml, 8.05 mmol) of a solution of n-butyl
lithium in hexane under nitrogen with vigorous stirring.
After the dark red reaction mixture had been stirred for
20 min at —70°C, a solution of 175 mg (0.67 mmol) of
dialdehyde (4)-4 in 10 ml of THF was added dropwise.
The reaction mixture was stirred for 14 h, during which time
the temperature was allowed to rise to room temp. After
addition of water, the mixture was extracted with chloroform.
The organic layer was washed with water and brine, and
evaporated to dryness giving 2.975 g of syrup. The syrup
was dissolved in 20 ml of methanol contaning 1 ml of 0.1 M
HCl, and the mixture was refluxed for 1h. After being
cooled to room temp, the reaction mixture was poured
into water, and extracted with ethyl acetate. The organic
layer was washed with water and brine, and evaporated to
afford 3.624g of syrup, which was chromatographed on
silica gel in order to remove triphenylphosphine and tri-
phenylphosphine oxide formed. The eluate was evaporated
to dryness and the residue was subjected to preparative
TLC (EtOAc-hexane, 1 : 4) giving 146 mg (69%) of crystal-
line diketone 10: mp 136.5—137.5 °C from ethanol; IR
(KBr) vmax 2960, 2950, 1715, 1700, 1360, 1160, 785 cm—;
NMR (100 MHz, CDCl;), 6 1.65 (4H, s, ethane bridge),
2.09 (6H, s, methyl), 3.82 (4H, s, benzylic), 4.49 (2H, s,
bridge head), 7.28 (2H, dd, J=7.0 and 2.3 Hz, aromatic),
7.40 (24, t, J=7.0 Hz, aromatic), 7.55 ppm (2H, dd, J=7.0
and 2.3 Hz, aromatic).

Found: C, 82.99, H, 7.13%.
82.98; H, 6.96%.

Diethyl  9,70-Dikydro-B,f’ -dimethyl-9,10-¢thanoanthracene-1,5-di-
crotonate (11). To a suspension of 331 mg (13.8 mmol)
of sodium hydride in dry THF was added dropwise under
nitrogen and ice-cooling a solution of 4.65 g (20.7 mmol) of
triethylphosphonoacetate in 2ml of dry THF. After the
clear brown reaction mixture had been stirred at room temp
for 30 min, a solution of 438 mg (1.38 mmol) of diketone 10
in 1 ml of THF was added dropwise, and the mixture was
stirred overnight. After addition of water, the reaction
mixture was extracted with ether. The ethereal solution was
washed with water and brine, and dried over anhyd Na,SO,.
Evaporation of the solvent gave 757 mg of syrup, which was
chromatographed on silica gel in order to remove excess
triethylphosphonoacetate, giving 356 mg (569,) of diester
11 as syrup: IR (neat) v,y 2950, 1733, 1711, 1215, 1145,
1045 cm~'; NMR (60 MHz, CDCl;) 6 1.05—1.45 (6H, m,
methyl), 1.50—1.75 (4H, br s, ethane bridge), 1.45—2.30
(6H, m, vinyl methyl), 3.03—3.62 (4H, m, benzylic), 3.90—
4.20 (6H, m, bridge head and methylene of ethoxyl group),
5.30—5.85 (1H, m, vinyl), 6.40—7.40 ppm (7H, m, vinyl
and aromatic). Thus, the NMR spectrum indicates that
diester 11 is a cis,drans isomeric mixture.

Diethyl 9,10-Dihydro-B,p’-dimethyl-9,70-ethanoanthracene-1,5-di-
butyrate (12). A mixture of 356 mg (0.778 mmol) of di-
ester 11 and 20 mg of PtO, in 20 ml of ethanol was magnetical-
ly stirred under hydrogen atmosphere at room temp for
4h. Removal of the catalyst by filtration, and evaporation
of the solvent afforded 348 mg (100%) of an epimeric mix-
ture of diester 12 as syrup: IR (neat) vy,,x 2950, 1715, 1155,
755 cm~!; NMR (60 MHz, CDCl;) 6 0.70—0.96 (6H, m,
methyl), 1.05—1.45 (6H, m, methyl of ethoxy), 1.65 (4H, br
s, ethane bridge), 2.10—2.85 (10H, m, methylene and methine)
3.85—4.35 (4H, m, methylene of ethoxy), 4.35—4.70 (2H,
br s, bridge head), 6.46—7.28 ppm (6H, m, aromatic).

9,10-Dihydro- B,B’ - dimethyl- 9,10 - ethanoanthracene-1,5 - dibutyric
Acid (13). Diester 12 (348 mg, 0.754 mmol) was dis-
solved in 20 ml of a 5% ethanolic KOH solution and the
solution was gently refluxed for 3.5h. After being cooled

Calcd for C,,H,,0,: G,
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to room temp, the reaction mixture was acidified with 2 M
HCI under ice-cooling, and extracted with chloroform. The
organic layer was washed with water and brine, and dried
over anhyd Na,SO,. Evaporation of the solvent yielded 314
mg (1009%,) of dicarboxylic acid 13 as syrup: IR (CCl,) vy,
3650—2200, 2950, 1705, 1430, 1405, 1290, 1220, 1140, 940
cm~!: NMR (60 MHz, CDCl;) 6 0.60—1.40 (8H, m, methyl
and methine), 1.65 (4H, br s, ethane bridge), 1.90—2.95
(8H, m, methylene), 4.55 (2H, br s, bridge head), 6.50—7.30
(6H, m, aromatic), 8.20—8.90 ppm (2H, br s, carboxyl).
7,2,3,7,8,9,10,14-Octahydro-2,9-dimethyl-7 ,1 4-ethanodibenz[a,h]-
anthracene-4,11-dione (14). A mixture of 275 mg (0.678
mmol) of dicarboxylic acid 13 in 9 ml of polyphosphoric acid
(prepared in the same way as described for diketone 8) was
heated at 90 °C for 1 h under stirring. After being cooled
to room temp, the reaction mixture was poured into ice-water,
and extracted with chloroform. The organic layer was
washed with water and brine, and dried over anhyd Na,SO,.
Evaporation of the solvent gave 281 mg of syrup, which was
chromatographed on silica gel to yield 135 mg (509%,) of di-
ketone 14 as syrup: IR (CCly) vyax 2950, 1685, 1595, 1580,
1285, 1110 cm—*; NMR (100 MHz, CDCl,;) ¢ 1.23 (6H, d,
J=6.0 Hz, methyl), 1.72 (4H, s, ethane bridge), 2.19—2.79
(8H, m, methylene and/or methine), 3.12—3.48 (2H, m,
methylene or methine), 4.72 (2H, s, bridge head), 7.24 (2H,
d, J=7.5 Hz, aromatic meta to carbonyl), 7.85 ppm (2H,
d, J=7.5 Hz, aromatic ortho to carbonyl).
1,2,3,4,7,8,9,10,11,714 - Decahydro-2,9 - dimeihyl - 7,14 - ethanodi -
benz[a,h]anthracene (15). A solution of 127 mg (0.342
mmol) of diketone 14 and 5 ml of hydrazine hydrate in 50
ml of diethylene glycol was heated at 100 °C for 30 min.
Potassium hydroxide (2.5g) was added and the reaction
mixture was heated at 200 °C for 3 h, during which time
volatile substances were distilled. After being cooled to room
temp, the reaction mixture was poured into ice~-water, acidi-
fied with 2 M HCI, and extracted with ether. The ethereal
layer was washed with water and brine. Evaporation of the
solvent afforded 371 mg of a mixture of yellow crystals and
oil, which was recrystallized from methanol giving 68 mg
(58%) of hydrocarbon 15: mp 176.0—177.0 °C; IR (KBr)
Ymax 2940, 2920, 2360, 1475, 1455, 1435, 825 cm—1; NMR
(100 MHz, CDCl;) ¢ 1.08 (6H, d, J=6.5 Hz, methyl), 1.0—
2.0 (6H, m, methylene and methine), 1.62 (4H, s, ethane
bridge), 2.31 (2H, dd, /=16.8 and 10.6 Hz, benzylic), 2.73
(4H, m, benzylic), 3.06 (2H, dt, /=16.8 and 4.5 Hz, benzylic),
4.49 (2H, s, bridge head), 6.75 (2H, d, J=7.6 Hz, aromatic),
6.98 ppm (2H, d, J/=7.6 Hz, aromatic).
(+)-7,14-Dihydro-2,9-dimethyl-7 ,14-ethanodibenz[a,h] anthracene
(2). A mixture of 67 mg (0.196 mmol) of hydrocarbon
15 and 426 mg (1.88 mmol) of DDQ in 10 ml of benzene
was gently refluxed for 4 h.  After being cooled to room temp,
excess DDQ) and hydroquinone were removed by chromato-
graphy on silica gel. The eluate was evaporated and the
residue was subjected to preparative TLC (petroleum ether—
EtOAc 100 : 3) yielding 47 mg (72%) of hydrocarbon 2:
mp 209.5—211 °C from ethanol; IR (KBr) vpy,, 3040, 2920,
2850, 1625, 830, 557 cm~1; NMR (100 MHz, CDCl,) 6 1.76
(4H, s, ethane bridge), 2.55 (6H, s, methyl), 5.26 (2H, s,
bridge head), 7.15 (2H, dd, /=8.2 and 2.0 Hz, 3-H and 10-H),
7.40 and 7.49 (2H each, d, J=9.0 Hz, 5-H, 6-H, 12-H, and
13-H), 7.64 (2H, d, J=8.2 Hz, 4-H and 11-H), 8.01 ppm
(2H, br s, 1-H and 8-H); [«]p +786° (¢ 0.01005, 109, di-
oxane in ethanol); UV (0.18%, dioxane in ethanol) Ap,.
326.3 (¢ 1000), Amax 286.5 (¢ 11700), Am,x 236.8 (e 98100),
Amax 226.0 nm (¢ 95300); CD (0.18%, dioxane in ethanol)
Aegpe.s=—2.3, Aesp0.5=0.0, Aegor.0=+25.1, Aegy,0=0.0,
Aesgro=—18.7, Aes1.0=0.0, Aesgo.6=+371.5, Aty35.4=0.0,
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Aéygr.o=—149.4, Acyy.o=—111.3; MS m/e (relative inten-
sity) 334 (35, M+), 306 (100, M —C,H,).

Found: mfe 334.1727. Calcd for CyeHy,:
Found: G, 92.82; H, 6.75%,. Calcd for CysH,,:
H, 6.639%,.

7,14 - Dihydro-2,4,9,11-teiramethyl-7 ,14-ethanodibenz[a,h]anthra-
cene (3). To a solution of 30 mg (0.0812 mmol) of
diketone 14 in 2 ml of dry THF was added dropwise 4 ml of
an ethereal solution of methyl lithium (2.0 mmol) under
nitrogen and ice-cooling. The reaction mixture was stirred
for 2 h. After addition of ice-water, the mixture was extract-
ed with ether. The ethereal layer was washed with water
and brine, dried over anhyd Na,SO,, and evaporated to
dryness giving 24 mg of syrup. The residue was dissolved
in 20 ml benzene, to which 82 mg (0.36 mmol) of DDQ was
added. The reaction mixture was gently refluxed for 3 h
under stirring.  After being cooled to room temp, the mixture
was poured into water and extracted with ethyl acetate.
The organic layer was washed with water, 1% aq KOH, and
brine, and dried over anhyd Na,SO,. Evaporation of the
solvent afforded 39 mg of syrup, which was subjected to
preparative TLC on silica gel (EtOAc-hexane 1 : 20) yielding
5.5mg (19%) of hydrocarbon 3: mp 124.0—126.0 °C from
ethanol; IR (KBr) vpn,; 2940, 2850, 1620, 1150, 850 cm—1;
NMR (100 MHz, CDCl;) ¢ 1.82 (4H, s, ethane bridge),
2.54 (6H, s, 2-CH; and 9-CHj), 2.61 (6H, s, 4-CH; and
11-CH,), 5.32 (2H, s, bridge head), 7.10 (2H, s, 3-H and 10-H),
7.53 (2H, d, J=8.3 Hz, 6-H and 13-H), 7.73 (2H, d, J=
8.3 Hz, 5-H and 12-H), 7.96 ppm (2H, s, 1-H and 8-H);
UV (EtOH) Apax 293.0 (¢ 16000), Ay 238.0 nm (e 116200);
CD (EtOH) Aegyy.5=+27.5, Acas.5=0.0, Aeggy.o=—27.1,
Atgs5.5=0.0, Aegge.q=1340.3, Aeyz0.5=0.0, Aegp;.0=—88.0,
Aégqa.5=—139.3.

M, 334.1720.
G, 93.37;
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