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(50,9a,11B)-11-Hydroxy-6,7,8,9-tetrahydroFb5,9-propanobenzo[7]annulen-7-one ethylene ke
(6a) and its 1ti-methyl derivative §b) were prepared from monoketdl These compounds under
went acid-catalyzed transannular reactions leading to 6,7,8,9-tetrahiyel®Hropanobenzo[7]an-
nulene derivative$a, 8a and 5b, 8b, respectively, depending on the reaction conditions. T
compoundsba and 6b were dehydrated to 6,7,8,9-tetrahydid-5,9-prop[1]enobenzo[7]annulen-7-on
(9a) and its 11-methyl derivative9k), respectively. The conformational analysis of the 5,9-propa
benzo[7]annulene derivatives by molecular mechanics calculations (MM3 program) divtl MéR
data show that hydroxyket#la and the related compounda(%pB,9a)-6,7,8,9-tetrahydro43-5,9-
propanobenzo[7]annulen-7-off)( exist mainly in theboatchair conformation with theboat cyclo-
heptenol ring, while for hydroxyketdb the chair-boat conformation ¢hair cycloheptenol ring)
seems to be the preferred one.

Key words: Annulenes; Transannular reactions; Conformational analysis; 5,9-Propanoben:
annulene derivatives.

As starting compounds for the synthesis of tacrine-related compounds of interest 1
treatment of Alzheimer’s disedsave required the knovérketone7, and the related
compounds, 6,7,8,9-tetrahydréts,9-prop[l]lenobenzo[7]annulen-7-on@a) and its
11-methyl derivativeqb). The preparation of these compounds from dike®fref3)
was carried out, as shown in Scheme 1, through the intermediacy of hydroxyeet
and6b, which show interesting transannular reactions giving compdogy@a and5b,
8b. Also, the conformational analysis of the different 5,9-propanobenzo[7]annt
derivatives shown in Scheme 1 by molecular mechanics calculations and the fi
signment of théH and*3C NMR spectra of all of these compounds is described.

A mixture of diketone and its hydratd was obtained from phthaldialdehyde and dimet
1,3-acetonedicarboxylate as describefublimation of this mixture (160C/67 Pa)
gave pure diketon2 which on standing hydrates back to compotind

Ketone7 was obtained by a modification of the descriifgatocedure. Sodium boro.
hydride reduction of hydrate in methanol gave hemiket8h, which on reaction with
hydrazine under acid catalysis gave hydraZnea known compound that has bec
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now fully characterized by its spectroscopic data and elemental analysis. Treatm
hydrazine5c under the standard conditions of the Wolff-Kishner reduction gave
7B-alcohol4, which on Swern oxidation gave ketonén high yield.

Reduction of monoketaB with sodium borohydride in methanol gave in good yie
the 1B-alcohol6a as a solid, which was fully characterized. Reduction of monoRet
with sodium in absolute ethanol gave the same hydroxyketal, though in lower
The stereochemistry of this compound was deduced frodHitNMR data and con-
firmed through its conversion into compourisisand8a. This behaviour is in striking
contrast with that of 7-(ethyleneketal) of 9,9-dimethylbicyclo[3.3.1]nonane-3,7&i
whose NaBh-reduction gives thg-alcohol, while reduction with sodium in ethan
gives itsa-isomer. These facts can be explained taking into account the mechanis

ScHEME 1
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the sodium—alcohol reduction of ketohesd the preferred conformation of hydrox
ketal 6a, in which the cycloheptenol ring adopts theat conformation with the 13-
hydroxy group in arequatorialarrangement (see calculations).

Treatment of hydroxyketaa with a saturated solution of HCI (g) in chloroform ga
hydroxyketal8a in good yield. Aqueous acid hydrolysis 6& (concentrated HCI-
water—acetone) gave hemike&a in high yield. This compound was also obtained
high yield by hydrolysis of hydroxyket&a under the same reaction conditions, whi
suggests th&8a might be an intermediate in the hydrolysis of hydroxykégato hemi-
ketal5a Mild acid hydrolysis of hydroxyket#a (acetic acid—water in the ratio of 1 : 2 fc
2.5 h) gave a mixture of compounsis and8a in the approximate molar ratio of 85 : 1!
by 'H NMR. By increasing the reaction time up to 10 h, the ratio of the mixtur:
compounds$a and8a remained unchanged.

These transformations suggest am3-Btrangement for the hydroxy group
hydroxyketal6a (Scheme 2). Under acid catalysis, in the absence of water, the
function of compounda can be cleaved to an intermediate, which gives hydroxyk
8a by intramolecular reaction with the -hydroxy group. Under strong acid catalys
the ketal function of compouréh can be completely hydrolyzed. Intramolecular ad
tion of the 1B-hydroxy group to the carbonyl function will give hemikebal Simi-
larly, under strong acid catalysis the ketal function of comp@anchn be hydrolyzed
to a ketone which will give hemiket&l, as before. Under aqueous acetic acid ce
lysis, hydroxyketaba can be alternatively transformed into compoudd®er 5a. How-
ever, under these conditior8a cannot be hydrolyzed to hemiketsd, and thus, the
mixture of compoundSa and8a obtained after 2.5 h reaction remained unchangec
prolonged heating.

Reaction of hydroxyketaa with p-tolyl chlorothioformate in pyridine solution gav
the corresponding thiocarbonate, which on pyrolysis gave k8@ime66% overall yield.

Reaction of monoketa88 with an etheral solution of methylmagnesium bromide f
lowed by an aqueous work-up led to the recovery of the starting comgound

Although on one occasion the reaction of compo8mwith an ethereal solution o
methyllithium in THF gave a product which on crystallization from chloroform led to
hydroxyketal6b in 56% yield, we usually obtained a mixture of starting compdin
and hydroxyketabb in the approximate ratio of 65 : 35, determined'HyNMR. We
were unable to increase the ratio of compo#gihdin this mixture by using freshly
prepared methyllithium, alofeor in the presence of tetramethylethylenediarhir
(TMEDA) or by adding CeGl(ref.19). These facts might be explained through the cc
petitive formation of an enolate by reaction of monok&atith the organometallic
reagent, which after hydrolysis regenerates the staBtig similar situation was alsc
found in the case of 7-(ethyleneketal) of bicyclo[3.3.1]nonane-3,7-dione, a comg
that failed to give any addition product with methylmagnesium chloride or mei
lithium, the only isolated product being the starting compound.
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It is worth noting an appreciable proportion of ti@at-chair conformer of monoke-
tal 3 (24.7%) in its conformational equilibrium at room temperature, a fact that
be associated with the observed reactivity.

As for the case of hydroxyketdla, treatment of a mixture of monoketaland
hydroxyketal6b (65 : 35 approximate ratio byd NMR) with a solution of HCI (g) in
chloroform followed by column chromatography gave pure hydroxyl8tah essen-
tially quantitative yield, taking into account the amount of compdimgresent in the
starting mixture. Strong acid hydrolysis of the above mixture gave hemikgtah
70% isolated yield. Acetic acid hydrolysis of this mixture gave pure hydroxy8bta
although in 56% vyield. As for the case of compow8al strong acid hydrolysis of
hydroxyketal8b gave quantitatively hemiket&b. An authentic sample of compoun
5b was obtained in 89% yield by reaction of diket@with a 5% ethereal solution o
methyllithium in anhydrous THF. This compound was previously obtained in ¢
yield* by a similar procedure, using methylmagnesium bromide instead of me
lithium.

The pattern of these transformations is very similar to that observed for hydrogge
as depicted in Scheme 2. The fact that mild acid hydrolysis of hydroxy#egives
mainly compoundb suggests g-arrangement of the hydroxy group of compo @i
in accord with the expected preferred nucleophilic addition of methyllithium by
a-face of the carbonyl function of monoke&lMoreover, the intermediate formed b
the initial cleavage of the dioxolane ring of hydroxyké&alunder mild acid conditions
seems to react rapidly with the fthydroxy function to give hydroxyketab, thus
avoiding its further hydrolysis and conversion to hemikbtal

An alternative mechanism for the conversion of hydroxykétato its isomer8b
would imply protonation of the hydroxy group, dehydration to tertiary carbocal
intramolecular attack of the lone pair on the oxygen to the carbocation to give an
mediate oxonium ion and reaction with water to give hydroxyk&iaHowever, such
a mechanism can be ruled out, at least for the conversion of compbutodS8b by
reaction with HCI (g) in chloroform, since under these reaction conditions the pref
formation of chloroketallOb would be expected, and such a compound was not
tected in this reaction.

The different behaviour of hydroxyketaig and6b under mild acid conditions cat
be understood taking into account the preferkdir cycloheptenol conformation o
compound6b and reasonably, of their hydrolysis products, as compared with
preferredboat cycloheptenol conformation of compoufid

Reaction of hydroxyketab with mesyl chloride in pyridine followed by acid hydrc
lysis of the ketal function gave keto®é in 30% overall yield from monoketd, in
good agreement with the 35% yield of hydroxykeialin the reaction of compourl
with methyllithium.
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The new transannular reactions of 7,11-disubstituted 5,9-propanobenzo[7]anr
derivatives here describe@g 6b to 5a, 5b and6a, 6b to 8a, 8b) follow the general
pattern previously observed in the reaction of diketdraad related compounds cor
taining the same carbocyclic skeleton with nucleophiles or electrophiie®

Assignment of théH and*3C NMR signals was usually based on CO%¥'H and
'H-13C experiments, DEPT sequence, comparison of different compounds and 1
into account the calculated coupling constants. The presence of long-range cot
(W) such asJ(a-6,0-12) in compound$a, 5¢c and 8a, 8b or J(3-6,3-8) in 9a, 9b,

TaBLE |
'H NMR chemical shifts?° for compound2—9b

H-1 H-2 H-5 H-a-6 H-B-6 H-a-10 H-B-10
Compound

H-4 H-3 H-9 H-a-8 H-B-8 H-0-12 H-B-12

7.30 7.30 3.34 2.86 2.72 - -
7.18 7.18 3.18 2.54 2.95 1.98 2.10
4 7.03* 7.09* 3.13 2.26 1.69 1.54 1.84
5a 7.19 7.19 3.26 2.00 211 1.70 2.29
5b 7.13 7.13 3.21 1.89 1.96 1.62 1.89
5c 7.14 7.14 3.21 1.71 2.09 1.69 2.20
6a 7.04* 7.12* 3.17 1.76 2.13 2.13 2.31
b 7.04* 7.11* 3.14 1.88 2.34 2.45 1.95
7 7.17 7.17 3.18 2.88 2.67 1.79 2.01
8a 7.11 7.11 3.19 1.76 2.20 1.62 2.20
8b 7.11 7.11 3.19 1.71 2.09 1.59 1.86

9a° 7.19 7.19 3.21 2.74 2.78 5.83 -
351 2.70 2.80 2.54 2.48

9b°® 7.20 7.20 3.24 2.73 2.78 5.66 -
3.49 2.67 2.80 2.46 2.38

& The a/B notation of the tricyclic compounds has been retained in the tetracyclic ones in or
facilitate their comparison. For equivalent pairs of atoms, only the lower numbered one is ¢
b Signals of the same compound marked with * can be interchah@éder signalss: O-CH~CH,O,
3.86 and 4.004: H-7, 3.23; HB-11, 2.19; Hea-11, 1.67; OH, 1.2-1.66a OH, 3.06; H-11, 4.615b:
CH,, 1.27; OH, 2.955c; NH-NH,, 3.35; H-11, 4.466a H-11, 3.17; O—CH-CH,—0O, 3.82 and 4.07;
OH, 1.50;6hb: O—CH~CH,~O, 3.76 and 3.92; C}10.74;7: H-a-11 and HB-11, 1.79;8a H-11,
4.54; O-CH-CH,—OH, 3.68 and 3.81; OH; 2.6-2.8h: CH;, 1.24; O-CH-CH,—OH, 3.67 and
3.82;9a H-11, 5.48;9b: CH;, 1.60.% Recorded at 200 MHZ. Only one H-10.
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greatly facilitated their assignment. In the case of hemilktal long-distancéH-13C
heterocorrelation experiment (HMQC, 60 ms) was required to differentiate betwee
6(8) and 10(12) protons and carbon atoms.

Table | collects théH NMR chemical shifts for all of the new compounds and a
for those known compounds for which high-field NMR data have not been desct
The experimentatH-'H coupling constants of these compounds together with tt
calculated for thevicinal and allylic couplings are collected in Table Il. Table Il co
lects the'>C NMR data for the same compounds.

Molecular mechanics calculatiodigMM3 program) were carried out on all 5,¢
propanobenzo[7]annulene derivative} 4, 6a, 6b, 7, 9a, and9b) and on5a, 5b as
6,7,8,9-tetrahydro43-7,11-epoxy-5,9-propanobenzo[7]annulene model compoul
taking into account not only the conformation of the bicyclo[3.3.2]decane sut
(chair—chair, chair-boat, boatchair and boat-boaf but also different situations ob
tained by rotation of the C-OH bond and the dioxolane conformatioBempounds
5a and5b have rigid molecules for which only one spatial arrangement was calcul
The population of the different conformers of the 5,9-propanobenzo[7]annulene d
tives is collected in Table II.

Vicinal coupling constants for all of these compounds were calculated using Alt
equatiod® and 3JHH prografifrom the energies and geometries of all conformers
each compound previously obtained by MM3. For compo@adsnd9b, allylic coup-
ling constants were calculated by using the Garbisch’s eqdéatigplemented in 3JHH
progrant®,

Compoundsa and5b show a good agreement between the observed and calct
coupling constants (Table 1) with(a5,6) close to 0 Hz and((35,6) around 6 Hz, in
accord with dihedral angles around 75 and, 46spectively.

Diketone2 preferentially exists (94.5%) in an eclipsgthir—chair conformation due
to the weak steric interaction between the C7 and C11 substfjdntsthe calculated
values forJ(5,0-6) andJ(5,3-6) (1.9 and 5.0 Hz, respectively) differ from the e
perimental ones (3.5 and 4.5 Hz) (4.2 and 4.6 HZ%eThis difference may be due ti
the flattening of thechair cycloheptenone rings which makes the dihedral anc
H-5/H-a-6 and H-5/HB-6 to be more similar. The change of the dielectric corfta
from 1.5 to 20.0 did not modify the geometry, but an increase in the population c
chair—chair conformation was observed.

As expected, monoketoriepreferentially exists ihair—chair conformation (99%)
due to the small steric interaction betweer+1 and the carbonyl function at C-
However, as it is the case for diketahehe experimental value fa5,0-6) is greater
than the calculated one, probably due to the flattening ofhihe& cycloheptene rings.

Monoketal3 is an interesting compound, since the observation of a long-range ¢
ling (W) between Ha-6 and He-12 in the homocorrelation spectrum is indicative o
preferredchair—chair conformation. However, the values of other coupling constz
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show an important contribution of conformations withaat cycloheptenone ring. Cal-
culations on monoketa® show the following populationshair—chair (65%), boat
chair (boatcycloheptenone ring) (25%) amthair—boat (10%), a reasonable agreeme
between the experimental and calculated coupling constants being observed.
Compounds4 and 6a preferentially exist (99.1 and 97.5%, respectively) imoat-
chair conformation joat cycloheptenol ring). It is worth mentioning that thehydroxy
protons of compound$ (&(H-7) 3.23) andba (6(H-11) 3.17) appear highly shielded &
compared with the corresponding proton (H-11) of compo&ad® 4.61),5c¢ (o 4.46)
or 8a (d 4.54), in accord with expectations for compourddand 6a in boatchair
conformation, in which thei-hydroxy proton lies on the benzene ring. Moreover, |
high coupling constant valudgs,a-12) = 11.0 and(3-10,11) = 11.5 it andJ(3-10,11) =

TasLE Il
13C NMR chemical shifts®® of compound<2—9b

Compound C-1 C-2 C-4a C-5 C-6 C-7 C-10 C-11
C-4 C-3 C-9a C-9 C-8 C-12
128.3* 128.7* 143.0 375 48.8 209.2 - -
127.4* 128.3* 143.9 38.6 47.1 209.5 40.2 110.5
126.4* 128.5* 143.7 39.7 35.4 69.0 33.3 20.5
5a 126.6* 128.5* 145.4 39.5 40.0 93.4 32.4 73.2
5b 126.7* 128.4* 145.1 39.5 39.4 94.7 38.2 76.0
5c 126.3* 128.1* 145.6 38.9 35.4 82.7 32.6 70.9
64 127.0* 128.4* 142.6 37.6 41.7 112.0 34.1 69.4
6b 126.6* 128.1* 143.5 38.3 42.9 111.6 40.0 73.3
7 127.1* 128.4* 145.1 42.1 48.5 214.3 31.9 22.9
84 126.7* 128.4* 145.5 39.3 37.4 95.6 325 73.2
8b 126.7* 128.3* 145.2 39.3 36.7 97.1 38.4 76.1
9a 127.2* 127.4* 142.5 41.3 50.7 212.1 128.0 128.1
127.8* 128.5* 144.9 41.2 48.7 33.8
9b® 127.3* 127.6* 142.5 40.9 50.7 212.0 122.8 135.1
127.3* 128.4* 144.¢ 40.7 48.8 38.4

2 See notkin Table I.° Signals of the same compound marked with * or # can be interchan
¢ Other signals3: O—CH~CH,~0, 63.3 and 64.%b: CH,;, 31.2;6a O-CH,~CH,~O, 62.8 and 64.7;
6b: CH;, 33.7 and O-CH-CH,-0, 63.2 and 63.8a: O-CH,—~CH,—OH, 62.4* and 62.5*8b: CH,
31.0 and O—CH-CH,—OH, 62.5* and 62.8*9b: CHs, 26.0.9 Recorded at 75.4 MHz.
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11.5 Hz in6a are also indicative of the preferrédat-chair conformations of these
compounds.

In compound6b, the preferred calculated conformation (80%) is ¢hair-boat
(chair cycloheptenol ring), the fact that must be related to a lower steric effect ¢
dioxolanea-oxygenversusthe a-methyl group. The shielding of the methyl protons
compound6b (& 0.74) as compared with the corresponding protons of compdind
(6 1.27) or8b (& 1.24) suggests a non-negligible contribution oflibat-chair confor-
mation in this compound, in accord with calculations. In this case, a good agret
was also observed between the experimental and calcwiatedl coupling constants.

The calculated conformation for compourilsand9b show an almost planar rigic
arrangement for the unsaturated bridge and bridgehead carbon atoms with the
heptenone ring in ahair conformation. For these compounds, the calculated coup
constants are in good agreement with the experimental values.

In conclusion, the preferred conformations of 5,9-propanobenzo[7]annulene d
tives arechair or chair—chair when C7 and C11 are %5pybridized or bear hydrogen
as [3-substituents (compounds 7 and 9a, 9b). The steric interaction between th@-7
and 1PB-substituents is the main destabilizing factor in these conformations. This :
energy can be mainly reduced by flattening of the rings because twisting is difficul
to the rigidity introduced by the fusion with the benzene ring. Gdet—chair confor-
mation is preferred when bulky37 or 113-substituents are present (compouddsnd
6a, 6b). In these cases, thesubstituent prefers amquatorial arrangement in &oat
ring. The factors that destabilize theatchair or chair-boat conformations are
mainly the eclipsing of the ethane fragments, which cannot be reduced by twistin
to the fusion with the benzene ring and the interaction betweermthéo)-substituent
and the benzene ring.

EXPERIMENTAL

Except where otherwise staté#f NMR spectra were recorded in CR@king TMS as internal referenc
(8, ppm) at 500 MHz on a Varian VXR 500 spectrometer wileNMR spectra were taken at 50.3 MH
on a Varian Gemini 200. Where indicated, i€ NMR spectra were recorded at 75.4 MHz on
Varian Gemini 300 spectrometer. The infrared spectra (KBr pellets or NaCl film) were taken
Perkin—Elmer FT-IR spectrophotometer, model 1600. Melting points were determined in open
laries on a Gallenkamp apparatus, model MFB.595.010M.

(6,7,8,9-Tetrahydro43-7,11-epoxy-5,9-propanobenzo[7]annulen-7-yl)hydr&z{Be)

A mixture of compounda (ref#; 2.00 g, 9.25 mmol), hydrazine hydrate (12 ml) and a few drop:
concentrated hydrochloric acid was heated under reflux for 4 h. The reaction mixture was cool
the precipitated solid was filtered and dried to yield hydrasng€2.10 g, 98%), m.p. 111-11Z.
IR spectrum (KBr): 3 333 and 3 200 ctinFor C4H;gN,O (230.3) calculated: 73.01% C, 7.88% I
12.16% N; found: 73.06% C, 7.89% H, 11.96% N.
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6,7,8,9-Tetrahydro43-5,9-propanobenzo[7]annulen-7-3r{&)

To a cold solution (-70C) of anhydrous dimethyl sulfoxide (6.9 ml, 97 mmol) in dry dichloromethz
(50 ml) a solution of trifluoroacetic anhydride (10.2 ml, 49 mmol) in dry dichloromethane (25
was added dropwise, and the mixture was stirred for 10 min at this temperature with formatio
white precipitate. Then, a solution of alcoh#l(2.00 g, 9.89 mmol) in dry dichloromethane (100
was added and the mixture was stirred at 260for 1.5 h. After heating to room temperatur
triethylamine (19 ml, 137 mmol) was added dropwise and the mixture was stirred at this tempe
for 40 min. Water (100 ml) was added, the organic phase was separated and washed with ague
HCI (2 x 100 ml), aqueous 2 NaOH (2x 100 ml) and water (50 ml). The dried solution (anhydro
sodium sulfate) was concentratedvacuoto afford ketone 7 (1.80 g, 91%) as a white solid, m
96-98°C (dichloromethane) (réf. m.p. 96-98°C).

(50,90,113)-11-Hydroxy-6,7,8,9-tetrahydra-65,9-propanobenzo[7]Jannulen-7-one Ethylene Ké@l (

Method A To a cold solution (ice-bath) of monokétal(0.45 g, 1.75 mmol) in methanol (12 mi)
sodium borohydride (0.13 g, 3.5 mmol) was added and the mixture was stirred for 18 h. A sc
of 5m NaOH (5 ml) was added and the solid was filtered, washed with water (2 ml) andndri
vacuoto give hydroxyketaba (0.38 g, 84%). The analytical sample was obtained by crystalliza
from methanol, m.p. 128-12€. IR spectrum (KBr): 3 317 crth For GgH,,0; (260.3) calculated:
73.82% C, 7.75% H; found: 73.95% C, 7.83% H.

Method B To a solution of monoketa (3.0 g, 11.6 mmol) in 99.6% ethanol (60 ml), sodiu
(2.00 g, 87 mmol) was added in small pieces over a period of 1 h and the mixture was heate
reflux for 2.5 h. The cold solution was diluted with water (60 ml) and extracted with ethyl ac
(5 x 100 ml). The combined organic extracts were dried (anhydrous sodium sulfate) and conce
in vacuoto give hydroxyketaba (2.0 g, 66%) as an oil.

2-[(6,7,8,9-Tetrahydro43-7,11-epoxy-5,9-propanobenzo[7]annulen-7-yl)oxylethaBe) (

A mixture of hydroxyketaba (0.27 g, 1.03 mmol) and a saturated solution of HCI(g) in chlorofc
(15 ml) was stirred until compoungha was not longer detected by TLC (40 min). The solvent w
removed under reduced pressure and the residue was purified by column chromatography (alt
oxide (8 g), hexane—ethyl acetate mixtures) affording pure hydroxy@ee(al22 g, 81%), m.p. 119-12C.
IR spectrum (KBr): 3 465 cmh. For CgH,qO; (260.3) calculated: 73.82% C, 7.75% H; foun
73.80% C, 7.69% H.

6,7,8,9-Tetrahydro43-7,11-epoxy-5,9-propanobenzo[7]annulen-7%4)

Method A A mixture of hydroxyketaba (51 mg, 0.20 mmol), concentrated hydrochloric acid (3.5 n
acetone (10 ml) and water (7.5 ml) was heated under reflux for 2.5 h. The solution was
alkaline with aqueous & NaOH and extracted with ethyl acetatex(8 ml). The combined organic
extracts were washed with water X3L0 ml), dried with anhydrous sodium sulfate and concentre
in vacuoto give hemiketaba (41 mg, 98%) identical to an authentic sarfiple

Method B From hydroxyketaBa (90 mg, 0.35 mmol), hemiket&la (70 mg, 94%) was obtainec
by hydrolysis using the above described conditions.

Method C A mixture of compounéa (95 mg, 0.37 mmol), acetic acid (6.75 ml) and water (13.5 |
was heated under reflux for 10 h. The cold mixture was made alkaline with aqueoNa®GH and
extracted with ethyl acetate 810 ml). The combined organic extracts were dried with anhydr
sodium sulfate and concentratedvacuoto give a mixture of compounds&a and8a (80 mg, quan-
titative yield) in the ratio of 85 : 15, respectively (determined#yNMR).
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6,7,8,9-Tetrahydro43-5,9-prop[1]enobenzo[7]annulen-7-ora)

To a cold solution (ice-bath) of hydroxyketdh (1.20 g, 4.6 mmol) in anhydrous pyridine (7 m
under an argon atmosphemetolyl chlorothioformate (0.7 ml, 4.5 mmol) was added dropwise &
the mixture was stirred at room temperature for 3 h. The reaction mixture was poured onto ice
(20 ml) and extracted with toluene 320 ml). The combined organic phases were washed with 5%
(3 x 20 ml), water (3x 20 ml) and brine (3 20 ml). The dried organic phase (anhydrous sodi
sulfate) was concentrateéd vacuoand the residue was pyrolyzed in a rotary microdistillation :
paratus at 200C/13.3 Pa. Three fractions of distillate were collected, the third one (1.30 @)
tained impure keton8a while the other two (0.30 and 0.40 g, respectively) contained mohegsol.

The fraction containing compour@a was taken in dichloromethane (10 ml), the solution w
washed with 5« NaOH (5x 50 ml) and water (% 30 ml), dried with anhydrous sodium sulfate ar
concentrated under reduced pressure affording a residue (0.80 g) which was purified by colum
matography (silica gel (40 g), hexane) to give pure ke@mas an oil (0.60 g, 66%). IR spectrur
(NaCl): 1 700 cmt. For G H,,0 (198.3) calculated: 84.81% C, 7.12% H; found: 84.89% C, 7.17%

(50,90,11B3)-11-Hydroxy-11-methyl-6,7,8,9-tetrahydrd455,9-propanobenzo[7]annulen-7-one
Ethylene Ketal §b)

To a cold mixture (ice-bath) of a Is2solution of methyllithium in diethyl ether (25 ml, 30.0 mmol),
solution of monoketaB (900 mg, 3.48 mmol) in anhydrous tetrahydrofuran (13 ml) was added c
wise and the mixture was stirred at room temperature for 2.5 h. Water (60 ml) was added ui
white precipitate dissolved. The organic layer was separated and the aqueous one was extrac
ethyl acetate (3¢ 30 ml). The combined organic extracts were dried with anhydrous sodium st
and concentrateth vacuoto give a mixture of compoundsand6éb in the approximate molar ratic
3:6b of 65 : 35, determined b{H NMR (890 mg).

Note 1 Similar results were obtained by using freshly prepared methyllithium, 8aboni@ the
presence of TMEDA (ref) (1 : 1), or by adding Ceg(ref.19).

Note 2 Only once working apparently under the above described conditions pure hydrogjke
was obtained in 56% yield after crystallization of the crude reaction product from chloroform,
146-148°C. IR spectrum (KBr): 3 462 cth For G/H,,0; (274.4) calculated: 74.42% C, 8.08% F
found: 74.41% C, 8.09% H.

2-[(11-Methyl-6,7,8,9-tetrahydrotb-7,11-epoxy-5,9-propanobenzo[7]annulen-7-yl)oxylethaBb) (

Method A A part of the above mixture of compoun8isnd6b (280 mg, 65 : 35 molar ratio by
1H NMR) in a saturated solution of HCI (g) in chloroform was stirred iiicould not be detectec
by TLC (40 min). Evaporation of the volatile material followed by column chromatography of
residue (aluminum oxide (5 g), acetone) gave hydroxylBgll00 mg, essentially quantitative yiel
taking into account the amount of compouwstd present in the starting mixture), m.p. 157-F&9
(methanol). IR spectrum (KBr): 3 472 tFor GH,,0; (274.4) calculated: 74.42% C, 8.08% F
found: 74.35% C, 8.11% H.

Method B Another part of the above mixture of compou8dmd6b (300 mg, 65 : 35 molar ratio
by *H NMR) was hydrolyzed with aqueous acetic acid as described for the preparation of hen
5a (methodC). The crude material was purified by column chromatography (aluminum oxide (
acetone) to give hydroxyket8b (61 mg, 56% approximate yield fro6b).
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11-Methyl-6,7,8,9-tetrahydroFb-7,11-epoxy-5,9-propanobenzo[7]annulen-751)(

Method A Another part of the above mixture of compour®dand 6b (300 mg, 65 : 35 approxi-
mate molar ratio byH NMR, approximately 0.4 mmol hydroxyketéb), concentrated hydrochloric
acid (22.5 ml) and water (45 ml) was heated under reflux for 2.5 h. The solution was made a
with aqueous ™ NaOH and extracted with ethyl acetatex(30 ml). The combined organic extract
were washed with water (2 20 ml), dried with anhydrous sodium sulfate and concentiateedcuo
to give, after column chromatography (aluminum oxide (6 g), acetone), hentke(6b mg, 70%
yield from hydroxyketalb) identical to an authentic samfile

Method B Compound8b (70 mg, 0.26 mmol) was hydrolyzed with aqueous hydrochloric acic
described above to give hemike& (60 mg, quantitative yield).

11-Methyl-6,7,8,9-tetrahydrokb-5,9-prop[1]enobenzo[7]annulen-7-or@b)

To a cold solution (ice-bath) of a mixture of compouBdad6éb (1.20 g, 65 : 35 approximate mola
ratio byH NMR, 1.6 mmol hydroxyketabb) in dry pyridine (10 ml), methanesulfonyl chloride (0.5 rr
6.45 mmol) was added slowly and the mixture was stirred at room temperature for 3 h. The re
mixture was poured onto ice-water (20 ml) and acidified with BICI (60 ml). The organic layer
was separated, washed with saturated aqueous solution of sodium hydrogencarbonate, dried
hydrous sodium sulfate and concentratedacuoto give an oily residue (1.5 g) which was purifie
by column chromatography (silica gel (50 g), hexane—ethyl acetate mixtures) affording pureQket
as an oil (0.32 g, approximate yield 94% based on hydroxy&bjalR spectrum (NaCl): 1 695 cth
For C;sHq¢0 (212.3) calculated: 84.87% C, 7.60% H; found: 84.81% C, 7.64% H.
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