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A simple synthesis of the cyclopentenophenanthrene nucleus with a steroid pattern of 

oxygenation involves the intermediate (1). ’ This can be cyclised directly to (2). After 

reduction of (1) to (3; R = H) it gives rise to (4; R = H). The drawback to the first course 

is that the ring-system is difficult to hydrogenate appropriately 
2 

and to the second course 

that the product (5; R = H) of hydrogenation of (4; R = H) gives only isoequilenin methyl 

ether (5; R = Me) on angular-methylation. 
3 

Reduction of (1) with lithium in liquid ammonia gave, as expected from similar 

reactions, 
4 

the correct enolate-anion for angular methylation, since addition of methyl 

iodide gave a mixture of (3 ; R = Me) and (6; R = Me) as a gum, m/e 312, with the expected 

spectra. The mixed methyl ester was shown by g.1. c. to be a mixture of the esters of 

(6; R = Me) (25%) and (3; R = Me) (75%). 

The mixture of acids was cyclised with phosphorus oxychloride, phosphoric oxide and 

phosphoric acid. The neutral product (30% yield) was chromatographed on neutral alumina 

to give the dione (4; R = Me) (10%) m.p. 158-160°, A,,, 245, 314 rnp (e 12250, 2300); 
-1 

Y 
max. 

1735, 1665, 1620 cm. ; T 0.75d (J = 9 c.p. 8. ) (;H); 2. Id (J = 9 c.p. 8.) (1H); 

2.6 - 2.9m (3H); 6.1s (3H); 6.7 - 8. Om (7H); 8.75s (3H); m/e 294, and also the dione 

(7; R = Me) (85%) m.p. 195-196O, Amax. 245, 315 m(r (f 13500, 2500); vmax. 1740, 1675. 

1620 cm. 
-1 

; T 0.8d (1H); 2. Id (1H); 2.6 - 3. Om (3H); 6.15s (3H); 6.7 ; 8. Om (7H); 8.75s 

(3H); m/e 294. The diones were hydrogenated with palladium-platinum on acidic charcoal5 

to give respectively (f)-isoequilenin methyl ether, m. p. 120-124’ (lit. 
6 

m. p. 125-127O), 

agreeing with reported spectra, and (f)-equilenin methyl ether 
7 

m. p. 188-189O (undepressed 

by an authentic specimen), Amax 268, 278, 289, 323, 337 ml (c 4500, 4700, 3250, 2000, 

2400); v 
- -1 

max 1730, 1625, 1600 cm. . 

The cyclisation of (3; R = Me) with recycling of recovered acid gives about 40% yield 

and is the least satisfactory stage. For reasons not clear, it is a difficult process, and 

polyphosphoric acid was originally devised as the only reagent capable of producing 

cyclisation of (3; R = H) leading to our general proposal of this reagent for cyclising 

arylbutyric and arylpropionic acids. 
3 

The reagent used was phosphoric oxide in 

phosphoric acid. Later’ Snyder and Werber made a similar proposal based initially on the 
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use of partially hydrolysed phosphorus oxychloride, 8 and despite some initial indications it 

has not been appreciated that these reagents may behave rather differently. 
We find, for 

example, that while polyphosphoric acid by the standard technique 3 
gives about 55% yield of 

5-methoxyhydrindone from 3-methoxyphenylpropionic acid a modified technique gives higher 

yields. If this acid (1 g.) is dissolved in phosphorus oxychloride (5 ml.), added to syrupy 

phosphoric acid (5 ml.) and phosphoric oxide (5 g.) added with stirring, the temperature 

remains at about 100° because of refluxing of the phosphorus oxychloride. 
After 1. 5 min. 

the mixture is added to water and the ketone recovered, giving an 850/O yield of recrystallised 

product, m. p. 110’. The acid chloride may be an intermediate. 

The original3 procedure on (3; R = Me) leads to yields of 15-3070, but these are critic- 

ally dependent on exact conditions and are not easily reproducible. 
The altered method 

gives reproducible yields of about 30% with 25% of recovered acid. 
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