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Abstract: A four-step approach to the synthesis of IO-acetyloxi_5,6,7,8_tetrahydrophenanthre- 

ne-1,4_derivatives, starting from acylbenzoquinones, is described. 

Our interest in synthesis of angular tricyclic quinones as precursors 

of rabelomycin and related natural antibiotics 2 led us to investigate the chem- 

istry of 4-acyl-2,3-dihydro-S-benzo[b]furanols which are easily prepared by re- 

action of acylbenzoquinones and enamines.3-6 These studies revealed that the 

acidycatalysed rearrangement of the aforementioned heterocycles provides a route 

for the preparation of carbocyclic quinones and quinone precursors. Neverthe- 

less, the lack of rearrangement of the cyclic O,N-ketal 1 which afforded the 

nlimination product 3 UL-1 in acid medium6 frustrated our hopes of preparing lo-hy- 

droxy-5,6,7,8-tetrahydrophenanthrene-1,4-dione (2) by this route. 

2 

HO 

In the present communication we report a preliminary study to syn- 

thesize 5,6,7,8-tetrahydrophenanthrene-1,4-diones derivatives by using 4-acyl- 

benzo] b] furans containing a spirocyclopentane substituent on C-3 position. 

Our basic strategy employs a sequence which involves two rearrangements to 

construct the angular tricyclic system. 
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In the course of modification studies of quinone 5 [m.p. I46-147°C; 

IR (KBr): 1690, 1665, 1650, 1620 cm-‘; ‘H-NMR (100 MHz, CDC13) : 6 1.58 (s, 6H), 

6.34 (d, lH, J%lOHz), 6.75 (.s, 2H), 6.77 (d, lH, J%lOHz) ppm] obtained in 87% 

yield by oxidation of 4 with silver(I1) oxide, the Thiele-Winter acetoxylation 

reaction7 was attempted using standard methods (acetic anhydride containing con- 

centrated sulphuric acid, room temperature). Interestingly, under these condi- 

t ions, quinone 5 does not lead to the expected triacetate 6 but gives in high 

yield (83%) the dienone-phenol rearranged product 7, m.p. 102-104°C; IR (KBr): A A 
1760, 1655 cm-‘; ‘H-NMR (CDC13): 62.42 (s, 3H), 2.43 (s, 

(d, lH, J%IOHz), 6.80 (d, IH, J%lOHz), 7.14 (s, IH) ppm. 

3H) , 2.61 (s, 3H), 6,71 

OH 0 
4 

AcO 

0 OAc 
7 

These findingsa prompted us to explore a synthetic approach for build- 

ing up IO-hydroxy-5,6,7,8-tetrahydrophenanthrene-I,4-dione derivatives. For 

this purpose we planned to make the spironaphthalenetrione 12a which could then 

be converted by dienone-phenol rearrangementy into the angular tricyclic quino- 

ne 13a. 

The preparation of the required naphthalentrione 12s was initiated by 

addition of enamine 91° to 2-acetyl-I ,4-benzoquinone (8a) 11, resulting in the 
-1 

formation of cyclic O,N-acetal lOa [ 73%; m.p. 169-170°C; IR (KBr): 3325, 1680 cm ; 

‘H-NMR (CDC13): 6 1.5-2.1 (m, 8H), 2.2-2.8 (m, 4H), 2.60 (s, 3H), 3.61 (t, 4H, 

Ja4H z) , 4.68 (s, IH), 6.55 (d, IH, JsbHz), 6.65 (d, IH, JQ~Hz) ppml. 

The rearrangement of 10a in acid medium, according to the procedure 

previously described6, afforded the spironaphthalenone lla 170%; m.p. 237-238; 

IR(KBr) : 3180, 1650, 1620 cm -‘; ‘H-NMR (DMSO-d6): 61.4-2.3 (m, 8H), 6.18 (d, 

lH, J%I OHz) , 6.72 Cd, IH, J*9Hz), 7. IO (d, lH, JslOHz), 7.19 (d, IH, JQ9Hz) , 

9.39 (s, IH), 12.56 (s, IH) ppm], which was oxidized with silver carbonate-ce- 

lite reagent12 to give quinone 12a [90%; m.p. 126-128°C; IR(KBr): 1680, 1660, 

1635, 1620 cm -1 ; ‘H-NMR (CDC13): 61.6-2.5 (m, SH); 6.28 (d, lH, JsIOHz), 6.76 

(s, 2H), 6.95 (d, lH, JslOHz) ppm]. 
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Treatment of 12a with acetic anhydride in the presence of a catalyt- 

ic amount of concentrated sulphuric acid at room temperature gave 87% yield of 
-1 

the desired angular quinone 13a, m.p. 120-122°C; IR (KBr): 1750, 1660, 1645 cm ; 

‘H-NMR (CDC15): 61.80 (m, 4H), 2.41 (s, 3H), 2.85 (m, 2H), 3.19 (m, 2H), 6.68 

(d, lH, J%lOHz), 6.77 (d, lH, J%lOHz), 7.05 (s, 1H) ppm. 

8a-c 9 lOa-c 

lla-c 12a-c 13a-c 

On the basis of these results we decided to apply the above synthetic 

sequence to the preparation of angular quinones 131, and 13~. The required cyclic 

O,N-acetals lob and 1Oc were obtained (65 and 66%) by reaction of enamine 9 with 

2-propanoyl and 2-acetyl-S-methyl-1,4-benzoquinone (8b, 8c) l3 3 14. 

Acid catalysed rearrangement of 1Ob and lOc, and subsequent treatment 

of intermediates llb and 11~ with silver carbonate-Celite reagent, afforded the 

corresponding quinones 12b and 12c in 62 and 64% overall yields. Finally, die- 

none-phenol rearrangement of the latter gave the angular quinones 13b and 13c in 

82 and 80% yield respectively15. 

We believe that the synthetic procedure presented here does offer a 

simple and efficient route for preparation of C-10 oxygenated 5,6,7,8-tetrahy- 

drophenanthrene-1,4-diones, which could serve as a useful method for the con- 

struction of biological active angular quinones. 
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