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Interest in fused gxa steroids and related systems is evi- 
denced by the variety of synthetic approaches] described in 
the recent literature. We report here the preparation of 
such compounds through a convenient route based on the 
work of Hurd and WebbS2 

Commercially available 2,3-dichropropene-1 was used to 
alkylate an appropriate phenol and the resulting ether was 
rearranged by heating in N,N-dimethylaniline. Of the two 
compounds formed the major product was a chlorine-con- 
taining phenol derivative which could be cyclized in good 
yield to the minor product under the influence of a strong 
acid. The structure of the various compounds could be easi- 
ly deduced from their pmr spectra. 

Thus, the a-naphthol ether 1 produced a phenol 2 and a 
furanonaphthalene which could be separated on a neutral- 
alumina column. Two alternative structures 3 and 5 ap- 
peared reasonable for the furanonaphthalene, the former 

arising from the Claisen rearrangement product 2 and the 
latter uia a possible intermediate such as 4. 
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Extensive studies3 on the pmr spectra of furan com- 
pounds have shown that CY protons resonate a t  about r 2.5 
and /3 protons a t  about 7 3.5. A one-proton singlet a t  7 3.6 
in the pmr spectrum of the minor product from the rear- 
rangement of 1 clearly indicated 3 to be the correct struc- 
ture. The picrate of this compound had the same melting 
point as that  recorded by Wilds and Johnson4 for the pic- 
rate of 3 prepared by a different method. The intermediacy 
of a propynyl naphthyl ether in this rearrangement is ex- 
cluded because such an ether cyclizes to a n a p h t h ~ p y r a n . ~  

The formation of the minor product 3 in good yield when 
2 was treated with polyphosphoric acid is in accord with 
the assigned structure because the acid hydrolysis of the 
vinyl chloride would generate an acetyl function. I t  was ob- 
served that heating of the phenolic product 2 (or 7 )  for a 
long period (10-14 hr) at a higher temperature (250’) failed 
to produce any significant amount of 3 (or 8). 

The allyl ether 6 from /3-naphthol gave the rearrange- 
ment products 7 and 8. The structure of the furano com- 
pound was again based on pmr spectra and identity of 
melting point of the picrate with that recorded for the pic- 
rate of 8 in the literature.6 
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The P-chloro allyl ether 9 from estrone gave a phenol 10 
on rearrangement. The pmr spectrum of this compound 
showed the presence of two p protons; therefore, the allyl 
group had migrated to C-2 rather than to C-4. Treatment 
of the phenol 10 with polyphosphoric acid led t o  the furano 
steroid 11 in poor yield; cold sulfuric acid (go%), which 
proved to be a better cyclizing agent, produced 11 in 15% 
yield. The single-proton signal a t  7 3.6 in the pmr of 11 is in 
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agreement with the B-unsubstituted furan structure as- 
signed. 

Experimental Section' 

2-Chloro-2-propenyl a-Naphthyl Ether ( I ) .  A mixture of 0- 

naphthol (5 g), anhydrous potassium carbonate (20 g), potassium 
iodide (2  g), and 2,3-dichloropropene (15 ml) in dry acetone (250 
ml) was heated under reflux for 24 hr. The reaction mixture was 
filtered and the filtrate was evaporated. The residue was purified 
by column chromatography to give 6.3 g (90%) of 1: ir 3030 
(=CHz), 660,650, and 630 cm-I (=CCl); nmr (CDC13) T 1.6-2.9 (7 
H,  m,  aromatic H) ,  4.5 (2  H,  d ,  ClC=CH2), 5.4 (2 H, s, -0CH- 
z=CCl-). 

Anal. Calcd for C1SH11OCl: C, 71.40; H, 5.07. Found: C, 71.20; H, 
5.00. 

Claisen Rearrangement of 1. The allyl ether 1 (2.5 g) was 
heated with NJ-dimethylaniline (4 ml) a t  193" under nitrogen for 
2 hr. The resulting solution was shaken with ice and dilute hydro- 
chloric acid and extracted with chloroform. Upon evaporation the 
organic layer gave a mixture of two components (tlc) which were 
separated on an alumina column using petroleum ether (bp 40- 
60') as the eluent. The first fraction was the neutral compound 3: 
0.16 g (6%); mp 21'; picrate (orange needles) mp 113' (lit.4 mp 
113-115"); ir 1620 (aromatic), 820 (trisubstituted double bond), 740 
and 680 cm-I (aromatic); nmr (CDC13) T 1.6-3.0 (6 H ,  m, aromatic 
H), 3.6 (1 H,  s, @-H of furan), 7.5 (3 H,  s, CH3). 

Anal. Calcd for C13H100: C, 85.69; H, 5.53. Found: C, 85.42; H,  
5.50. 

The second fraction, which was the major component, was the 
phenolic product 2: 2.1 g (84%); mp 53'; ir 3350-3200 (-OH), 3030 
(C=CH2), 885 (C=CH2), 610, 650, 660 cm-I (-ClC=C-); nmr 
(CDC13) T 1.5-2.8 (6 H,  m, aromatic H) ,  4.7 (2 H,  d ,  HzC=CH-), 
5.5 (1 H,  broad, -OH), 5.9 (2  H,  s, -CHz-). 

Anal. Calcd for C13H11OCl: C, 71.40; H, 5.07. Found: C, 71.52; H,  
5.3. 

Cyclization of 2. To polyphosphoric acid (prepared by adding 5 
g of PzOs to 3 ml of orthophosporic acid) was added 2 (0.5 g) with 
continuous stirring and heating on a water bath. After about 30 
min the reaction mixture was decomposed with cold water and ex- 
tracted with chloroform. The organic layer was stripped of solvent 
and the residue was purified by chromatography over alumina; 
elution with petroleum ether (bp 40-60") gave a compound (0.3 g, 
70%) identical in all respects with the minor fraction (3) obtained 
in the Claisen rearrangement experiment. 

2-Chloro-2-propenyl 8-Naphthyl Ether (6) .  Using the same 
procedure as for the preparation of 1 ,  there was obtained in 90% 
yield the title compound: mp 38"; ir 3030 (-C=CHz), 885-895 
(C=CHz), 625, 690 cm-l (-C=CCl); nmr (CDC13) T 0.0-3.0 (7 H ,  
m, aromatic H),  4.5 (2 H ,  d ,  -ClCl=CHZ), 5.4 (2  H,  broad s, 

Anal. Calcd for Cl:<H11OCI: C, 71.40; H,  5.07. Found: C, 71.25; H ,  
5.15. 

Claisen Rearrangement of 6. The same procedure as before 
was used. The first compound (minor component) off the neutral 
alumina column was 8 (yield 7%): mp 52' (lit. mp 56-57'); picrate 
(orange red crystals) mp 141' (lit. mp 140'); ir 805 cm-1 
(>C=CH-); nmr (CDC13) T 1.5-2.7 (6 H,  m, aromatic H) ,  3.3 (1 H, 
s, 0-H of furan), 7.5 (3 H ,  s, CH3). 

Anal. Calcd for C13H100: C, 85.69; H,  5.53. Found: C, 85.45; H,  
5.45. 

The second fraction (major component) corresponded to 7 (yield 
87%): ir 3500-3250 (OH), 3030, 1650, and 890 (-CH=CH2), 690, 
660, 610 cm-I (-CCl=C<); nmr (CDC13) T 2.0-3.2 (6 H, m, aro- 
matic H) ,  5.05 (2  H,  d ,  -CCl=CHZ), 5.90 (2  H,  s, -CHZCCl=). 

Anal. Calcd for C13H11OC1: C, 71.40; H: 5.07. Found: C, 71.15; H,  
5.00. 

Cyclization of 7. Cyclization with PPA as in the experiment 
with 2 converted 7 (0.35 g) t o  8, mp 51-52', picrate (orange red 
needles) mp 139-140'; the yield was 75%. 

-CH20-). 

2-Chloro-2-propenyl Ether of3-Hydroxy-1,3,5( 10)-estrat 
rien-17-one (9). A mixture of estrone (2 g), anhydrous potassium 
carbonate (20 g), potassium iodide (2  g), 2,3-dichloropropene (4 
ml), and dry acetone (200 ml) was heated under reflux for about 25 
hr. The reaction mixture was filtered and the filtrate was stripped 
of solvent to give a residue which after purification by chromatog- 
raphy over alumina amounted to 2.1 g (80%) of 9: mp 107-108'; ir 
1740 (CO), 920, 900, 880 (C=CHz), 670, 650 cm-' (-CCl=C<); 
nmr (CDC13) T 2.6-3.4 (3 H, m, aromatic H) ,  4.5 (2 H,  d ,  
-ClC=CHZ), 5.4 (2  H,  broad s, -CH&Cl=), 9.1 (3 H,  s, 
18-CHa). 

Anal. Calcd for C21H2602Cl: C, 73.13; H, 7.30. Found: C, 72.95; 
H,  7.13. 

Claisen Rearrangement of 9. The allyl ether 9 (1 g) was dis- 
solved in N,N-dimethylaniline (3 ml) and heated to 193' in an oil 
bath under nitrogen for 4 hr. A single product (0.6 g, 60%) was ob- 
tained after chromatography which was identified as 10: mp 203"; 
ir 3300-3400 (OH), 1740 (CO), 890 (>C=CH,), 710 cm-' 
(>C=CCI-); nmr (CDC13) T 2.9 (1 H,  broad s, aromatic H),  3.5 (1 
H, broad s, aromatic H) ,  4.8 (2 H, d, CHz=CCl-), 6.35 (2  H,  broad 
s, -CHzCCI=), 9.10 (3 H, s, 18-CH3); mass spectrum m/e (re1 in- 
tensity) 346 (1, M+), 344 (3, M+). 

Anal. Calcd for C21H2502Cl: C, 73.13; H, 7.30. Found: C, 73.05; 
H ,  7.45. 
17-Keto-5'-methylestra-l(l0),~-dieno[3,2-c]furan ( 1 1 ) .  Cy- 

clization of 10 (0.5 g) was carried out by stirring with 90% sulfuric 
acid (4 ml) for 30 min at  0'. The reaction mixture was decomposed 
with ice water and extracted with chloroform. After the organic 
layer was stripped of solvent and the residue was purified by pre- 
parative tlc (solvent system chloroform-benzene, 70:30), there was 
obtained 70 mg (15%) of the title compound: mp 155-158'; nmr 
(CDC13) T 2.7 (2 H, 2 broad s, aromatic H), 3.6 (1 H,  s, 8-H of 
furan), 7.5 (3 H,  s, CH3 on furan ring), 9.0 (3 H,  s, 18-CH3); mass 
spectrum m/e 308 (M+). 

Anal. Calcd for C21H~402: C, 81.78; H, 7.84. Found: C, 81.85; H. 
7.53. 
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