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3a-Hydroxy-6-hydrindanones of type 10 and 11 can be  ob- 
tained by  acid-catalyzed or Lewis acid-promoted cyclization 
reactions of ene-ketals of type 6 and 7. The compounds de- 

scribed are interesting building blocks for biologically active 
heart glycosides. 

The synthesis of 3a-hydroxy-6-hydrindanones as useful ring C,D 
units for the biologically active steroid skeleton has been 
reported'-3). In connection with our studies on intramolecular ad- 
ditions of allylic and propargylic silanes to enones and dienones we 
have described the stereoselective synthesis of 5-, 6-, 7-, and 8- 
membered ring systems4]. 

In this communication we wish to report on the synthesis of 3a- 
hydroxy-6-hydrindanones of type 10 or 11 by intramolecular ad- 
ditions of allylic and propargylic silanes to ene-ketals. For the first 
time we have been able to promote the cyclization under acid ca- 
talysis using ene-ketals as starting compounds. 
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The starting material of type 6 and 7 may easily be obtained 
from the commercially available ketone 1, which can be trans- 
formed in a short sequence into compounds of type 3. Addition of 
organolithium compounds 4 and 5 produces the cyclization sub- 
strates 6 and 7'). 

The cyclization of ketal 6 occurs in aqueous methanol in the 
presence of a trace of p-toluenesulfonic acid to afford a mixture of 
ketones 10 in 67% yield. 

In the presence of Lewis acids (EtAICI,, TiC14, EtzO-BF3) both 
ene-ketals 6 and enones 8 and 9 can smoothly be cyclized. With 
ene-ketals, TiC14 gives the best results. The desired enones 8 and 9 
can be obtained quantitatively by stirring the ketals in THF in the 
presence of silica gel. The Lewis acid of choice for enone cyclizations 
is Et20-BF3. The stereochemical outcome of the cyclization is 
dependent on the Lewis acid used (see Table 1). 

In the presence of Et10-BF3, the major product is the anti 
product 10a (see Table 1, R = Me). The diastereoselectivity can be 
reversed with TiCI4 and EtAIC12 to yield compound 10b (see Table 
1, R = Me). 

Table 1. Conditions of conversion 6, 8, 9 + 10, 11, ratio of dia- 
stereomers IOa and lob, and yields of 10, 11 

Reaction Acid 01 Ratio % 
Lewis Acid 1Oa : 10b Yield 

6 + 10 (R=H) p-TsOH 20 : 80 61 
6 + 10 (R=H) Eb0-BF3 25 : 15 55 
6 + 10 (R=H) TiC14 9 : 91 99 

6 + 10 (R=Me) p-TsOH 55 : 45 22 
6 -f 10 (R=Me) E t p B F ,  60 : 40 66 
6 + 10 (R=Me) EtAlCG 28 : 12 29 

6 + 10 (R=Me) nc14 34 : 66 16 
8 + 10 (R=H) Eb0-BF3 20 : 80 81 
8 + 10 (R=Me) E5O-BF3 61 : 39 32 
8 + 10 (R=Me) TiC14 46 : 54 9 

9 +  11 EbO-BF3 94 
9 +  11 TIC$ 5 

9+ 11 p-TsOH 20 
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10a: I3C NMR (75 MHz, CDCI,): 6 = 212.61, 137.85, 115.93, 
80.18, 50.52, 45.74, 39.40, 38.63, 36.37, 35.17, 27.98. - MS: mjz 
(Yo) = 180 (3), 179 (19), 162 (14), 161 (IOO), 120 (67), 110 (46), 109 
(69), 107 (61), 105 (53), 91 (46), 83 (45), 81 (61), 79 (78), 67 (50), 55 
(52). - HR-MS: 180.1151, calcd.: 180.1150 (C,,H1602). 

i-Methyl-6-hydroxy-9-ethenylhicyclo/4.3.O]nonan-3-one (10, 
R = Me): 1R (CC14): 5 = 3619 cm-I, 3082,2959,2880,1721, 1639. 

10a: 'H NMR (600 MHz, CDCI,): 6 = 5.62 (ddd, J = 16.7 Hz, 
J = 10.6 Hz, J = 8.1 Hz, IH), 5.15-4.95 (m, 2H), 2.80-1.70 (m, 
IIH), 1.6 (s, br., IH), 0.94 (d, J = 0.8 Hz, 3H). - 13C NMR (75 

38.34, 34.67, 33.44, 25.58, 17.89. 

0 

MHz, CDCl3): 6 = 210.78, 137.30, 116.83, 79.18, 52.31, 51.53,45.85, acid 

lob: 'H NMR (600 MHz, CDC13): 6 = 5.65 (ddd, J = 17.1 Hz, 
J = 10.2 Hz, J = 8.3, lH),  5.06 (ddd, J = 10.2 Hz, J = 1.8 Hz, 
J = 0.7 Hz, lH), 5.00(ddd, J = 17.1 H z , J  = 1.8 H z , J  = 1.1 Hz, 

1Oa 
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IH), 2.80-1.60 (m, 12H), 0.94 (s, 3H). - I3C NMR (75 MHz, 

36.53, 36.04, 25.06, 17.38. - MS: m/z (YO) = 194 (2), 193 (9), 176 jz oq (5), 175 (27), 140 (19), 125 (61), 97 (loo), 95 (39), 79 (32), 69 (46), 67 
(27), 55 (34). - HR-MS: 194.1307, calcd.: 194.1307 (CI2Hl8O2). 

Standard Procedure for Enones (Compound 9): To a solution of 
93 mg (0.35 mmol) of 9 in 30 ml of CH2C12 0.1 ml of Et20-BF3 

CDCI,): 6 = 211.67, 138.06, 116.92, 81.17, 51.03,49.60,47.26, 37.13, 

7 
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In summary, these results clearly show that the intramolecular 
Sakurai reaction effcctively produces hydrindanones with two qua- 
ternary centers, one of thcm carrying a hydroxy function. It is im- 
portant to note that the sensitive tertiary alcohol can be tolerated 
under the acid cyclization conditions without forming a phenol by 
elimination of water. Consequently, this new cyclization technique 
can be used to form functionalyzed bicyclic ketones containing a 
second oxygcn functional group. 

Experimental 
High-resolution mass spectra: Finnigan MAT 312 spectrome- 

ter. - IR spectra: Perkin-Elmer 580 and F T  1710 spectrometers. - 
NMR spectra: Bruker AM 300, WM 400, and WM 600 spectro- 
meters. - All reactions were run under inert gas (nitrogen), and 
pure products were obtained after flash chromatography using the 
solvent systcm ethyl acetate/petroleum ether (boiling range 
60-7OT). Compounds 10 and 11 are quite volatile oils, therefore 
we could not get elemental analyses. 

6-Hydroxy-9-ethenylbicyclo[4.3.Ulnonan-3-one (10, R = H): IR 
(CCI4): 0 = 3611 cm..', 3460 br, 3082,2956,2871,1719,1640,1216, 
919. 

lob: 'H NMR (600 MHz, CDCI,): 6 = 5.68 (ddd, J = 17 Hz, 
J = I0 Hz, J = 7.5 Hz, 1 H), 5.01 (ddd, J = 17 Hz, J = 1.6 Hz, 
.I = 0.7 Hz, lH), 4.99 (ddd, J = 10 Hz, J = 1.6 Hz, J = 0.5 Hz, 
lH), 2.61 (dd, J = 15.5 Hz, J = 6.7 Hz, lH), 2.55 (ddd, J = 17 
Hz, J = 11.2 Hz, J = 5.8 Hz, IH), 2.20(dd, J = 15.5 Hz, J = 5.4 
Hz, lH),  2.20(ddd, J = 17 Hz, J = 6 Hz, J = 5 Hz, IH), 2.1-1.6 
(m, 9H). - I3C NMR (75 MHz, CDCI,): 6 = 212.55,140.36, 115.18, 
78.77, 52.46, 50.60, 40.49, 39.93, 35.62, 34.55, 29.53. 

(0.89 mmol) is added at 0°C. The solution is stirred at 0°C for 2 h 
and then poured into 10 ml of brine. The organic layer is extracted 
three times with 20 ml of CHzClz and then dried with MgS04. The 
crude product is flash-chromatographed with ethyl acetate/petro- 
leum ether (25 : 75) to yield 64 mg (94%) of 11. - IR (CCI4): 0 = 

3618cm-', 3450, br., 2962,2934,2870,1962,1723,1035,909,854. - 
'H NMR (600 MHz, CDCl3): 6 = 4.80 (t, J = 4.5 Hz, 2H), 2.64 
(m, lH),  2.535 (dddd, J = 15.0 Hz, J = 9.5 Hz, J = 5.5 Hz, J = 

1.5 Hz, lH), 2.47 (m, IH), 2.415 (dd, J = 14.5 Hz, J = 1.5 Hz, 
IH), 2.27 (m, IH), 2.24 (dd, J = 14.5 Hz, J = 1.5 Hz, IH), 2.06 
(ddd, J = 14.0 Hz, J = 9.5 Hz, J = 5.3 Hz, lH), 2.01 (ddd, J = 
14.0 Hz, J = 9.5 Hz, J = 5.0 Hz, lH),  1.94 (ddd, J = 13.5 Hz, 
J = 7.0 Hz, J = 6.0 Hz, IH), 1.88 (ddd, J = 13.0 Hz, J = 10.2 
Hz, J = 6.5 Hz, 1 H), 1.65 (s, br., 1 H, OH exchangable with D20), 
1.09 (s, 3H). - l3C NMR (150 MHz, CDClS): 6 = 209.81, 202.18, 
108.22, 79.32,79.19, 51.04,48.13, 37.43, 34.83, 34.28, 24.41, 21.39. - 
MS: m/z (YO) = 192 (5), 191 (27), 132 (47), 121 (59), 91 (71), 79 (100) 
77 (51). - HR-MS: 192.1150, calcd.: 192.1149 (CI2Ht6O2). 
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