SYNTHESIS OF THE LACTONE OF
2-CARBOXY-4-HYDROXY-7-METHOXY-1, 2, 3,
4-TETRAHYDROPHENANTHRONE
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Tup high physaologieal avtate of aldosterone prompled us o undertake
the investipation on the vontheds of gt anadogues where the hydrindane
system was fined with aronats nuclen These might be expected to have
interesting physologeal propertios m view of Simpaont and Tait's! observation
that 0 it hiph biebtcal poteney and Jow concentration in biological fluids
aldosterone sewembles € oestropens rather than the adrenal hormones,

Por these anadopues st was comdered dearable to build the five-mem-
bered ring on vompounds with the partial structure () possessing & prketo-
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lactone group which might be cauly convertible to the hemi-acetal group
of aldosterone (1) a1 o Liter stage, after formation of the D-ring.  With this
end in view the Lictone of Dearbosy-4-hydroxy-6-methoxytetralone {(XII)
was prepared and reported anoan earbier paper.®  The present paper deals
with the synthes of the Lictone of Dearboxy-4-hydroxy-7-methoxy-1, 2, 3,
4-tetrabydrophenanthrone (XD starting from 6-methoxynaphthaldehyde-2
(Iv).
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6-Methoxynaphthaldehyde-2 (IV) was prepared by the method of Tard,
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Lapin and Horeau,® which consisted of the condensation of the Grignard
reagent prepared from 2-bromo-6-methoxynaphthalene (III) in tetrahydro-
furan® 5 with dimethyl formamide. Another method employed by us was

to condense 2~hth1um—6~methoxynaphthal=ne° with dimethyl formamlde in
ether without impairing the yield.

The Stobbe condensation of the aldehyde (IV) with dimethyl succinate
in refluxing methanolic sodjum methoxide followed by in situ hydrolysis of
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the half-ester firnished y-(6-methoxy-2-naphthyl)-itaconic acid (V). Reduc-
tion of an alkaline solution of the unsaturated diacid (V) with nickel alu-
minium alloy” at $0° yiclded y-(6-mcthoxy-2-napkthyl)-B-carboxybutyric acid
(VI), the equivalent wei ht and analytical data indicated that the methoxyl
group was not climinated, as was observed in a few instances of similar reduc-
tions.® Trcatment of the diacid (VI) with acetyl chloride yiclded the
anhydride (VII).

Friedel-Crafts cyclisation of the anhydride (VII) could theoretically yield
the following four compounds: (i) 2-carboxy-7-methoxy-4-oxo-1, 2, 3,
4-tetrahydrophenanthrene  (VIII); (i) 3-carboxy-6-methoxy-1-oxo-1, 2, 3,
4-tetrahydroanthracene; (iii) 6, 7-(5-methoxybenzo)-indanone-2-acetic acid;
(iv) 5, 6-(5"-methoxybenzo)-indanonc-2-acctic acid. It is known that the
angularly-fused ring-formation is preferred to the lincar one and that Friedel-
Crafts cyclisation yields six-membered rings in preference to five-membered
ones,” therefore, it was hoped that the phenanthroic acid (VIII) wotld be the
major product. The reaction yivlded a sclid which after a single crystallisa-
tion mclted at 217°. The ulira-vicl:t absorption maxima at 245-5 nu log €
4-59, 310-5m:. log € 3-88 and 350 m" log € 3-57 have close resemblance to
those reported for 3-mcthoxy-11-oxoequilenane by Newman ef al® 'The
carbony] region of the infra-red spectrum (in Nujol) showed two peaks at
1665 cm.~! (conjugated cyclohexane carbonyl) and 1705 cm.™* (acid dimer);
a conjugated cyclopentane carbonyl and the acid dimer peaks might be
cxpected to overlap.

Chemical proof in favour of the phenanthrene structure for the compound
obtained by cyclisation of the anhydride (VII) was provided as follows. The
keto-acid was trca ed with lithium aluminium hydride, and the crude diol
on dehydration with potassium hydrogen sulphate followed by dehydrogena-
tion with 307/ palladium on charcoal yielded 7-methoxy-2-methylphenanthrene
(IX).2

Reduction of a neutral aqueous solution of the sodium salt of 2-carboxy-
7-methoxy-1, 2, 3, 4-tetrahydrophenanthrone-4 (VIII) with sodium boro-
hydride afforded the lactonc (X). Oxidation of the lactone (X) with chromium
trioxide in acetic acid yielded the lactone of 2-carboxy-4-hydroxy-7-methoxy-
1, 2, 3, 4-tctrahydrophenanthrone (XI).

We next investigated the alkylation of the p-keto-lactone system (I)
in order to form the D-ring. Condensations of the keto-lactone (XII)? with
diethylaminobutan-2-one methoiodide in the presence of sodium hydride
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or potassium in benzene and with methallyl chloride in the presence of potas-
sium carbonate and potassium iodide! resulted in the recovery of the keto-
lactone (XII). Condensation with methyl vinyl ketone in the presence of
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“ Triton B 12 or with diethylamino-butan-2-one methoiodide with sodium
hydride in pyriaine did yield a small quantity of a chromatographed fraction
having the anticipated ultra-violet peak at 323 mu (for the structure XIII),
but the materials were extremely impure (e ca. 500). When the potassio-
derivative of the keto-lactone (XII), prepared by treating the keto-lactone
(X1I) with potassium z-butoxide and then completely removing the ¢-butanol
under anhydrous conditions,’® was treated with methallyl chloride in acetone,
a small quantity of a material with ultra-violet peaks at 224-5 mu log € 4:01
and 277 mu log € 3-94, rrestmebly (XIV), was obtained on repeated chro-
matography of the reaclion product.

Presumably, the reason for the failure of alkylation of the keto-lactone
(XID) is that the formation of the enolate ion (XV) constitutes the violation
of Bredt’s rule.l4, 15, 18

EXPERIMENTAL

6-Methoxynaphthaldehyde-2 (IV).—To a vigorously stirred and cooled
(ice and salt) solution of dry 2-bromo-6-methoxynaphthalene (III) (12-0g.)
in anhydrous benzene (75 ml.) under a stream of nitrogen was added an ethe-
real solution of n-butyllithium!? (from 1-08 g. of lithium and 8-56 g. of n-butyl
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bromide and 100 ml. of cther) over a period of 5min. After stirring the
reaction mixture for a further 20 min. at — 5°, a solution of dimcthyl forma-
mide (4:4 g.) in dry benzene (5 ml.) was added slowly within 5 min. The
pale green reaction mixture was left under the nitrogen atmosphere for
2 hours at 0° and then slowly raised to room temperature overnight. The
reaction mixture was decomposed (0°) with aqueous ammonium chloride.
The organic phase was scparated and the aqueous phasc extracted with cther.
The combined organic phase was washed with water and dried, and the solvent
was removed. The crude residuc was crystallised from cther-light pe ro-
leum (40-60°) to yicld 6-methoxy-naphthaldchyde-2 (IV) (5-9 g.) m.p. 74-79°.
It was recrystallised from benzene-hexane, m.p. 81° (reported® 79°); U.V.:
M 243 i log €4-56, 248 wu log € 4-56, 261 mp log ¢ 4-44 and 31012 mp

MAx,

log € 4-20 (Found: C, 77-2; H, 5-5. Calec. for C,yH; 0. C, 77-4; H,
5-4%).

y-(6-Methoxy-2-naphthyl)-itaconic Acid (V).—To a vigorously stirred
refluxing solution of methanolic sodium mecthoxide, prepared from sodium
(1-92g.) and methanol (20 ml.), was cautiously added a solution of the
naphthaldchyde (IV) (6-2 g.) and freshly distill:d dimethy] succinate (5-35 g.)
in mcthancl (50 ml.) and benzene (10 ml). The stiaiag and refluxing were
continued for 2-5 hours, then water (100 ml.) was added cautiously (consi-
derabl: bumping occurs due to the separation of solid) with simultancous
distill. tion of the mecthanol. When the methanol had ccased to distil, the
contents were cool:d and added to water (100 ml.). The aqueous solution
of the sodium salt was washed with cther and then run into an cxcess of cold
6N-hydrochloric acid. The pale yellow precipitate (5-43 g.), m.p. 175-185° 4.,
was crystallised from aqueous alcohol (norit). The itaconic acid (V) melted
at 196-197°d.; U.V.: Ails 220 mp log e 4-50, 263 mp log € 4-52 and 30%
my log €4-26 (Found: C, 66-8; H, 5-19; cq. wt. 146-3. C,;H,, O, requires
C, 67-2; H, 4:9%; cq. wt. 143-1).

y-(6-Methoxy-2-naphthyl)-B-carboxybutyric Acid (VI).—To a well-stirred
solution of the unsaturated diacid (V) (3-6 g.) in 107 aqueous sodium hydro-
xide (100 ml.), kept at 92-93°, was added a few drops of octyl alcohol and
then, in small portions, 1: 1-nickcl-aluminium alloy (10 g.) over a period of
25 min. The stirring was continucd for 1 hour at 95°, and then the hot material
was fltered carcfully under suction, the catalyst being washe | well with hot
water. The warm filtrate was slowly run into co centrated hydrochloric
acid (300 ml.) with efficient stirring. The milky solution deposited a white
precipitate (2-35 g.), m.p. 168-170°. y-(6-methoxy-2-n-phthyl)-B-carboxy-
butyric acid (VI) was crystallised from aqueous alcohol, m.p. 170-71°;
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UV.: 55, 227 mp log € 4-79, 262 mp log € 3+75, 272 mp log €375, 318 my
log €3-27 and 332 my log € 3:35 (Found: C, 66-7; H, 5 4%; eq. wt. 1453,
Cy:H,sO; requires C, 66-7; H, 5-6%; eq. wt. 144-1).

Anhydride of y-(6-Methoxy-2-naphthyl)-B-carboxybutyric Acid (VII).—To
the ciacid (VI) (2-20g.) was added an excess of acetyl chloride (50 ml);
the flask became cold during the dissolution of the acid and a clear pale yellow
solution was obtained. After 6 hours at room temperature, the acetyl chloride
was completely removed, and the residue (2-00 g.), m.p. 139-40°, was crystal-
lised from dry benzene-light petroleum (40-60°) to yield the anhydride of
y-(6-methoxy-2-naphthyl)-B-carboxybutyric acid (VII), m.n. 140° (Found:
C, 70-8; H, 5-19% CyH,,0, requires C, 71-1; H, 5-2%).

2-Carboxy-T-methoxy-1, 2, 3, A4-tetrahydrophenanthrone-4 (VIII)—A
solution of the anhydride (VII) (1-87 g.) in nitrobenzene (50 ml.) was run
into a well-stirred solution of aluminium chloride (2-7 g.) in nitrobenzene
(20ml) at room temperature (23°). After stirring overnight the product
was decomposed with ice and hydrochloric acid. After removal of the nitro-
benzene by steam-distillation, a sclid (1-84 g), m.p. 200-10°, was isclated
by filtration of the cocled mixture. 2-Carboxy-7-methoxy-1, 2, 3, 4-tetra-
hydrophenanthrone-4 (VIII) was crystallised from aqueous alcohol (norit),
mp. 217°; U.V.: 25 245-5mplog €4-59, 3105 my log « 3-88 and 350 mp
log ¢ 3:57; LR. (Nujol): 3-39 u (hydroxyl), 5-87p (acid dimer), 6-01p
(conjugated cyclohexane carbonyl) (Found: C, 70-8; H, 5-1%; eq. wt.
1269-7. CyH,,0, requires C, 71-1; H, 5-2%; eq. wt. 270-3).

Conversion of 2-Carboxy-T-methoxy-1, 2. 3, 4-tetrahydrophenanthrone-4
(VIII) into 1-Methoxy-2-methylphenanthrene (IX).—A solution of the keto-acid
(VIIL) (0-5g.) in tetrahydrofuran (75 ml) was added slowly with swirling to
lithium aluminium hydride (0-15g.) in tetrahydrofuran (100 ml). After -
standing the mixture for 1 hour at room temperature, it was refluxed for
2 hours. It was then decomposed at 0° by cautious addi ion of a little water
followed by cold 10); sulphuric acid (20 ml). The mixture was poure | into
water and repeatedly extracted with ether. The ethereal extract was washed
successively with cold potassium carbonate solution and brine, and then dried.
“After removal of the solvent, the neutral viscous residue (0-18 g.) was heated
with freshly fused potassium bisulphate (2 g.) at 170-175° in an atmosphere
of mitrogen. The dehydrated product (0-0%4 g.), isolated by short-path
distillation at 150-60° (bath)/l mm., was dehydrogenated in a Heymann’'s
~apparatus with 307, palladium on carbon (100 mg.) under a stream of carbon
dioxide at 310-30° for 2-5 hours. The sublimate (0-04 g.), m.p. 130-40°,
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was crystallised as described by Bachmann and Chemerda,!® when 7-methoxy-
2-methylphenanthrene (8 mg.), m.p. 142-43°  (reported!® 144-5-45-5°),
was obtained (Found: C, 86-2; H, 6-2%. C,H,, O recures C, 86-5;
H, 6-4%).

Lactone of 2-Carboxy-4-hydroxy-T-methoxy-1, 2, 3, 4-tetrahydrophe-
nant’ rene (X).- Sodium borohydride (0-50 g.) was added to a solution oft he
keto-acid (VIIT) (4-50 g.) in 1 N-sodium hydroxide (16-7 ml.), and the contents
were allowed to stand overnight at room temperature (23°).  Dilute suphuric
acid (5-1 ml. of concentrated acid in 100 ml. of water) was added and the
contents heated for IS min. on a boiling water-bath. It was cooled and poured
into a large quantity of cther (ca. 11.) ¢nd the agucous phase separated.
The cther solution was washed with cold sodium bicarbonate solution and
brine, and then dried.  After removal of the solvent, the white waxy material
(0-38 g.) was repeatedly triturated with hexane containing a trace of benzene.
After removal of the liquid portion, the lactone of 2-carboxy-4-hydroxy-7-
methoxy-1, 2, 3, 4-tetrahydrophenanthrene (X) was left as a white waxy solid,
m.p. 48-51°; U.V.: 3 234 mu log ¢ 4-74, 2€3 np log € 3-76, 319 mp
I'ge 3-28 and 334 np loge 3-32; LR. (CHCL): 5-66u (y-lactone)
(Found: C, 75-5; H, 5-7",. C\;H,,0; requires C, 75-6; H, 5-6%).

Lactone of 2-Carboxy-4-hydroxy-T-methoxy-1, 2, 3, 4-tetrahydrophenan-
throne (XT).—To a solution of the lactone (X) (0-24 g.) in glacial acetic acid
(2-1 ml.) and propiynic acid (0-4 ml), kept at 07, was added a solution of
chromium trioxide (0-2 g.) in water (0-2 ml.) and acctic acid (1-1 ml.) over
a period of 7 min. It was kept for 40 min. at 0” and overnight at room tem-
perature.  After destroying any excess oxidising mixture with a little metha-
nol, the contents were poured into water (50 ml) and oxtracted with cther.
The ether extract was washed with cold potassium carbonate solution and
brine, and then dried (Na,SO,). Afier removal of the solvent, the whire
waxy residuc was triturated with light petroleum (40- 60°), when an amorphous
powder (0-08 g.), m.p. 62-67°, was obtained. Crystallisation from cther-
light pe'roleum (40 -60") yiclded the lactone of 2-carboxy-4-" ydroxy-T-methoxy-
1, 2, 3, d-tetrahydrophenanthrone (XI), m.p. 66-:9°; U.V.: Xl 254 mop
log € 4:56, 265-5 mp log e 4-56, 290 mu log € 3-99, 301 mu log € 4-06 and
inflexions at 245 mu log ¢ 4-48, 282 mu log € 4-40 and 312 mu log  3-92;
I.R. (CHCly): 5-62 p (y-lactone), 5+ 8 (conjugated cyclohexane carbonyl)
(Found: C, 71-2; H, 4-7.% C;,H;,04 requires C, 71-6; H, 4-5%).

Alkylation Experiments with the Keto-lactone (XII)

(@) Using Methallyl Chloride in the presence of Potassium Carbonate
and Potassium Todide *—To a stirred mixture of the keto-lactone (XII) (1-09g.)
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dry potassium iodide (1-0 g.), freshly prepared potassium carbonate (136 g.)
and anhydrous acetone (40 ml.) under a dry nitrogen atmosphere was added
freshly distilled methallyl chl ride (10 mL) in {i ¢ lots over 72 hours at room
temperature. The reaction product was cocentrated in vacuum, water (100 ml.)
was added, and the product cxtracted with cther (3x 100 ml.). The cther
solution was washed with brinc and dried (Na,S0,), and the solvent was
removed. The solid residue (1-0 g.) melted at 134-36° and was identified
as the starting keto-lactone (XII).

(b) Using Methallyl Chloride in the presence of Potassium 1-ButoxideS—A
solution of the keto-lactone (XII) (1-09 g.) in r~butanol (10 ml.) was added
to a stirrcd solution of potassium z-butoxide, from potassium (0-21 g) and
t-butanol (20 ml.), under an atmosphere of nitrogen. The suspension was
stirred overnight at room temperature and then made completely free from
solvent under suction. To the residue, kept under nitrogen, was added dry
acetone (50 ml.), anhydrous potassium iodide (1 g.) and mcthallyl chloride
(3-2 g.) in acetone (30 mL).  After 50 hours at room temperature, the acctone
was removed under reduced pressure, water (S0 ml.) was added and the mate-
rial extracted with ether. The ether solution was washed with sodium thio-
sulphate solution and brine, and then dried (N2,SO,). Aficr removal of
the solvent, the crude material (1-1 g.) was chromatographed over acid-washed
alumina (30 g.) when a fraction (0-17 g) showing ultra-violet absorption
mavima / t 224 my and 277 my was obtained in the benzene cluates. Short-
path distillation, 100° (ha h)/0-005 mm., and rechromatography over acid-
washed alumina yielded the lactone of 2-carboxy-4-hydroxy-2-methallyl-6-
methoxytetralone (XIV); U V.: Xebe 224-5np log € 4-01 and 277 mu log «
3-94 (Found: C, 70-8; H, 6-3.% C;;H,;,04 requires C, 70-6; H, 5-9%).

(c) Using Diethylaminobutan-2-one  Methoiodide in the presence of
Potassium.—A. solution of the keto-lactone (XII) (1-1 g.) in benzene (30 ml.)
was added in 5 min. to a suspension of potassium dust (0-20 g.) in benzene
(10 ml) in an atmosphere of nitrogen. The contents werc refluxcd for § hours
and 1o the cooled (0°) material dicthylaminobutan-2-one methoiodide?s
(1-70 g.) in pyridine (8 ml.) was added. After 3 hours at room temperature
and 14 hours under reflux, the product was decomposed with 6 N-hydrochloric
acid (50 ml). The material was extracted with cther, and after washing the
organic phase with sodium bicarbonate solution and brine, the solvent was
removed. The gummy residue (0-85g) on crystallisation from benzene-
light petroleurn (40-60°) yielded the starting keto-lactone (XII), m.p. and
mixed m.p. 136-37°. - '

(d) Using Diethylaminobutan-2-one Methoiodide in the presence of Sodium
Hydride in Benzene.—A solution of the keto-lactone (XII) (0-55 g.) in benzene
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(35 ml.) was alded to a suspension of sodium hydride (0-12 g.) in benzene
(30 ml.) under nitrogen. After refluxing for 4 hours, to the cooled contents
was added diethy'aminobutan-2-ons methoiodide’® (0-84 g) in pyridine
(8 ml.), and after stirring thes mixture for 8 hours at room temoszrature, it
was kept undsr reflux for 5 hours. The reaction product was dscomposed
and worked up as usual, when the starting keto-lactone (XII) (0-35 g.),
m.p. 135-36°, was obtained.

(e) Using Diethylaminobutan-2-one Methoiodide in the presence of Sodium
Hydride in Pyridine.—A solution of the keto-lactone (XII) (0-90 g.) in pyridine
(35 ml.), and sodium hydride (0-12 g.) was stirred for 18 hours undzr nitrogen
at room temperature (26-28°). The contents were cooled (0°) and diethyl-
aminobutan-2-one methoiodide!® (1-40 g.) in pyridine (10 ml.) was added.
After leaving the mixture for 3 hours in an ics-bath and overnight at room
temperature, dry ether (100 ml.) was added and the contents gently refluxed
for 1 hour. It was cooled, dry ether (100 ml.) was added, and the contents
were poured with stirring into crushed ice (500 g.) and hydrochloric acid
(100 ml.). The ether layer was separated and the aqueous layer extracted
with ether. The combined ether solution was washed successively with water-
sodium bicarbonate solution and brine. After drying (Na,SO,), the solvent
was removed and the residue (0-70 g.) on shori-pa h distillation at 150-70°
(bath)/0-00S mm. yielded a viscous material (0-50 g.). Chromatography
of the distillate over acid-washed alumina (15 g.) yielded in the 1: 1 benzene-
light petroleum (40-60°) eluates a material having ultra-violet absorption
maxima at 322 mu log e 2-81 and 336 mu log € 2-42 (log € calc. for XIII).

(f) Using Methyl Vinyl Ketone in the presence of * Triton B 12—To a
solution of the keto-lactone (XII) (0-55 g.) in absolute ethanol (5 ml.) was
added 37% methanolic “ Triton B” (1-3 ml.) and 85, me hyl vinyl ketone
(0-65 ml.), and the contents were refluxed for 2 hours on a steam-bath.
It was cooled to 0°, 3 N-hydrochloric acid (2 m'.) was added and the mixture
then heated for 30 min. on a steam-bath. The contenls were concentrated
under reduced pressure and then worked up as usual. Chromatography of
the crude residue (0-42 g.), obtained after remova'! of the solvent, on acid-
washed alumina (14 g.), yielded in the alcohol eluates a material (0-08 g)

having ultra-violet absorption maxmum at 322-24 mp log e 3-1 (log €

calc. for XIII).
SUMMARY
Starting from 6-methoxynaphthaldehyde-2, 2-carboxy-7-methoxy-1, 2, 3,

4-tetrahydrophenanthrone-4 was prepared. Sodium borohydride reduction
of the keto-acid followed by chromic acid oxidation yielded the lactone of
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2-carboxy-4-hydroxy-T-methoxy-1, 2, 3 4-tetrahyvdrophenanthrone,  Alkyla.
tion of the lactone of 2-carboxy-d-hydroxy-Gomethonytetralone was not
promising.
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