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with Fo > 40(F0) were obtained by using the w - 28 scanning 
method with a 28 scan speed of 4O/min to 150°. The structure 
was solved by the RASA-I1 system (Rigaku Corp.) on the basis 
of the direct method (hNLTAN)27 and refined to a final R value 
of 0.091. The program was executed on a 16 bit/word minicom- 
puter with a 64 Kbyte 1C memory and 10 Mbytes on magnetic 
disk. Further crystallographic details can be found in the sup- 
plemental material described in the paragraph at  the end of this 
paper. 
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Homogeneous hydrogenation of 5,6,7,8-tetrahydronaphthalenone derivatives 7a,c and 9b using tris(tri- 
phenylphosphine)rhodium(I) chloride gave (*)-5,5,8a8-trimethy1-3,4,4a(u,5,6,7,8,8a-~~y~onaphth~en- 1 (W-one 
(la) and (&)-methyl l-oxo-5(u,8~-dimethyl-6@-hydroxy-1,2,3,4,4a~,5,6,7,8,8a-decahydronaphthalene-5@-c~boxylate 
(2b) in good yields. 

In connection with several planned terpene syntheses 
in our laboratory, convenient stereocontroled preparations 
of the trans-fused bicyclic ketones 1 and 2 were required. 
The obvious procedures for the preparation of these com- 
pounds, i.e., reductive alkylation of 3 and 4 or catalytic 
hydrogenation of 5 and 6, respectively, turned out to be 
unattractive. Reductive alkylation of 3 gave good results 
in small-scale preparations,' but on a larger scale mixtures 
of reduced and alkylated products were obtained that 
required extensive purification. Reductive alkylation of 
4 seemed not very promising since dissolving metal re- 
duction of 4 gives mixtures of cis- and trans-fused reduc- 
tion products2 and methylation of the trans-fused enolate 
affords a methylated product with the epimeric configu- 
ration at  C-L3 The reductive elimination developed by 
Coates et al.4 and applied in the total synthesis of LLZ- 
1271a5 has the disadvantage that no functionality remains 
in ring A, and this method is therefore unsuitable for the 
preparation of 2b and 212 (Chart I). 

The catalytic hydrogenation of 5 is reported but proved 
to be rather irreproducible.lb' Catalytic hydrogenation 
of 6 was unsuccessful, and moderate results were obtained 
when compounds related to 6 were r e d u ~ e d . ~  

(1) (a) Dutcher, J. S.; MacMillan, J. G.; Heathcock, C. H. J. Org. 
Chem. 1976,41,2663. (b) Snitman, D. L.; Dai, M. Y.; Watt, P. S. Zbid. 
1979, 44, 2838. (c) Munslow, W. D.; Reusch, W. Ibid. 1982, 47, 5096. 
(2) (a) Groot, Ae.de; Jansen, B. J. M.; Peterse, A. G. J. M.; Wijnberg, 

J. P. B. A. Red. Trau. Chim. Pays-Bas 1982,101,177. (b) Welch, S. C.; 
Hagan, C. P.; Kim, J. H.; Chu, P. S. J. Org. Chem. 1977,42, 2879. 

(3) Spencer, T. A.; Friary, R. J.; Schmiegel, W. N.; Simeone, J. F.; 
Watt, D. S. J.  Org. Chem. 1968, 33, 719. 

(4) Coates, R. M.; Shaw, J. E. J. Org. Chem. 1970, 35, 2597, 2601. 
(5) Welch, S. C.; Hagan, C. P.; White, D. H.; Fleming, W. P.; Trotter, 

J. W. J. Am. Chem. SOC. 1977,99, 549. 
(6) Escher, S.; Giersch, W.; Ohloff, G. Helu. Chim. Acta 1981,64,943. 
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In this paper a synthesis of racemic 1 and 2 is described 
by using compounds 7 and 9 as key intermediates. Ex- 
tension of the unsaturated system in ring B in 5 or 6 
followed by homogeneous catalytic hydrogenation with 

(7) Pelletier, S. W.; Chapbell, R. L.; Prabhakar, S. J.  Am. Chem. SOC. 
1968, 90, 2889. 
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(~)-3,4,4a,5,6,7,8,8a-Octahydronaphthalen-l(2H)-ones 

Scheme I1 
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tris(triphenylphosphine)rhodium(I) chloride (Wilkinson's 
catalyst) proved to be a useful method for the stereose- 
lective reduction of the diene system. Via this detour a 
stereoselective reduction of the 4-4a double bond in 5 and 
6 can be achieved. 

Starting from ketones 5as and 5c,8 the dienones 7a and 
7c were prepared as described in Scheme I.9 When these 
compounds were hydrogenated with Wilkinson's catalyst 
a t  28 psi, the desired trans-fused bicyclic ketones la and 
IC were isolated in about 80% yield. Small quantities 
( 4 5 % )  of partly hydrogenated products were formed, and 
no cis-fused reduction products could be detected. Hy- 
drogenation of 5c with Pd/C gave 1:l mixtures of cis- and 
trans-fused reduction products. The stereochemistry of 
la and IC was proved by comparison of the spectra with 
those of samples prepared following literature proce- 
dures. l b p 6  

The dienone 9b was prepared as shown in Scheme 11. 
The bromination-dehydrobromination procedure gave the 
best results when applied to the acetate 6c. Small quan- 
tities (<lo%) of the unsaturated bromide 10 (vide infra) 
were isolated also. 

When keto ester 9b was hydrogenated under the con- 
ditions used for 7a and 7c (28 psi hydrogen pressure), the 
products obtained were the desired trans-fused keto ester 
2b and the unsaturated keto ester 6b in a 1:2 ratio. 

A reduction at higher pressure (150 psi) was performed 
to minimize the formation of 6b, and indeed the amount 
of 6b decreased apreciably, but now the formation of the 
cis-fused keto ester 11 became a side reaction (Chart 11). 
Obviously the hydrogen pressure influences the regio- and 
stereochemistry of the reduction, and therefore a series of 
hydrogenation was carried out a t  increasing hydrogen 
pressure (see Table I). The optimum hydrogen pressure 
turned out to be about 60 psi. Later on we found that 
when the solution of the substrate and catalyst was stirred 
in contact with air for 1 h before the hydrogenation was 
started, a complete conversion of the dienones 9b or 9c 
into the trans-fused keto esters 2b or 2c could be achieved. 
The stereochemistry of the trans-fused keto ester 2b was 
proved by spectroscopy and by conversion of 2b into the 
known 2a5 following the route outlined in Scheme 111. 
Protection of the keto group in 2b proved necessary to 

(8) Ireland, R. E. 'Organic Synthesis"; Prentice-Hall: Englewood 
Cliffs, NJ, 1969; pp 40-44, 50-52. 

M. W.; Tomkins, P. M. J. Chem. SOC. C 1971, 1292. 
(9) Dawson, T. M.; Littlewood, P. S.; Lythgoe, B., Medcalfe, T.; Moon, 
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Table I. Hydrogenation of Dienone 9b with 
RhCl(Ph,P), (Method A )  

pressure, 
entry psi 2b 6b 11 

1 24 31  63 
2a 44 62 38 
3 55 80 2G 
4 60 87 13  
5 70 t 73 ? 27 <10 
6 150 70 20 10  
7 230 30 40 30 

acetate group became partially hydrogenated to the 
hydroxyl group, so in the other runs the hydroxy dieiione 
9b was hydrogenated. 

(I In this run the acetate 9c was hydrogenated. The 
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avoid the formation of chlorinated products during the 
dehydration. 

An attempt to hydrogenate 6b directly using Wilkinson's 
catalyst, even at 1200 psi hydrogen pressure, was unsuc- 
cessful, and also the bromo dienone 10 could not be hy- 
drogenated. These two examples again illustrate the fact 
that triply substituted olefines are generally not hydro- 
genated with Wilkinson's catalyst.l0 In some situations 
this type of olefin can be "activated" by the presence of 
a second conjugated double bond.1° In our case extension 
of the unsaturated system in 5 and 6 to a dienone system 
in 7 and 9 clearly enhances the reducibility in homogeneous 
hydrogenations. Both double bonds can be reduced, but 
the greater steric hindrance in keto ester 9b becomes ev- 
ident from the isolation of 6b in reasonable amounts. In 
the hydrogenation of 7a only traces of 5a were found. The 
a,p-unsaturated ketone was isolated as a byproduct when 
low catalyst concentrations were used. The formation of 
cis-fused reduction products can be avoided. Especially 
when larger quantities of 1 are required, this reduction 
procedure offers a good alternative for the existing meth- 
ods. In the case of keto esters 2 this route paves the way 
to the synthesis of ring- A-functionalized podolactones." 

Experimental Section 
Melting points are uncorrected. 'H NMR spectra were de- 

termined on a Varian EM-390 or a Hitachi-Perkin-Elmer R-24B 
spectrometer. The line positions for the 'H NMR spectra are given 
in the 6 scale as parts per milion downfield from internal tetra- 
methyhilane. Mass spectral data and exact mass measurements 
were obtained with a VG MM 70-70 or an AEI-MS-902 instru- 
ment. 

5,5,8a&Trimet hyl-5,6,7,8-tetrahydronapht halen- 1 (8aH)- 
one (7a). To a solution of 7.44 g (38.7 mmol) of ketone 5as in 
100 mL of glacial acetic acid was added dropwise a solution of 
6.19 g (38.7 mmol) of bromine in 31.9 mL of glacial acetic acid 
at room temperature under nitrogen. After 30 min the solution 

(10) James, B. R. 'Homogeneous Hydrogenation"; Wiley: New York; 

(11) Recently the total synthesis of nagilacton F was accomplished by 
Hayashi e t  al. This podolacton has no functional group in ring A. Ha- 
yashi, y.; Mataumoto, T.; Nishizawa, M.; Togami, M.; Hyono, T.; Nish- 
ikawa, N.; Uemura, M. J. Org. Chem. 1982,47, 3428. 

pp 223-228. 



1112 J .  Org. Chem., Vol. 49, No. 6, 1984 

was poured into ice water (200 mL), and the aqueous layer was 
extracted with ether (3 X 100 mL). The organic layer was washed 
with water (75 mL), saturated aqueous sodium bicarbonate so- 
lution (75 mL), and brine and dried (Na2S04). Evaporation of 
the solvent under reduced pressure gave the crude bromide. The 
crude a-bromo ketone was dissolved in 100 mL of dimethyl- 
formamide, and then 5.1 g (59 mmol) of lithium bromide and 6.8 
g (91 mmol) of lithium carbonate were added. The suspension 
was stirred in a preheated oil bath (120 "C) for 30 min under NP, 
cooled, poured into 150 mL of water, and extracted with ether 
(3 X 150 mL). The organic layer was washed with water (75 mL) 
and brine, and dried (Na2S04). Evaporation of the solvent under 
reduced pressure yielded a light yellow solid, which was chro- 
matographed over SiOz (150 g, eluent ether-petroleum ether 
(40-60 "C), 1:9). The dienone 7a was isolated in an 80% yield 
as a light yellow solid: 'H NMR (CDCl,) 6 1.19 (s, 3 H), 1.26 (s, 
3 H), 1.38 (s, 3 H), 1.1-2.5 (m, 6 H), 5.89 (d, J = 10 Hz, 1 H), 6.17 
(d, J = 7 Hz, 1 H), 6.98 (dd, J = 7, 10 Hz, 1 H); mass spectrum 
(70 eV), m/e (relative intensity) 190 (100, M'), 175 (58), 147 (73), 
134 (56), 122 (759, 121 (75), 91 (76), 69 (56), 41 (73); calcd for 
C13HlSO Mt 190.1358, found M+ 190.1357. 
6,T-Acetoxy-5,5,8a~-trimethyl-5,6,7,8-tetrahydro- 

naphthalen-l(8aH)-one (7c). The procedure described for the 
synthesis of dienone 7a was employed. The crude dienone 7c (260 
mg, 1.05 mmol) was chromatographed over SiOz (50 g, eluent 
ether-petroleum ether (40-60 "C), 1:l). The first material eluted 
was identified as 6P-acetoxy-2-bromo-5,5,8ap-trimethyl-5,6,7,8- 
tetrahydronaphthalen-l(8aH)-one, a light yellow solid (31 mg, 
9.5%): mp 183.0-184.0 "C; 'H NMR (CDCI,) 6 1.16 (s, 3 H), 1.26 
(9, 3 H), 1.43 (s, 3 H), 1.3-2.3 (m, 4 H), 2.08 (9, 3 H), 4.54 (dd, 
J = 6, 8 Hz, 1 H), 6.11 (d, J =  7 Hz, 1 H), 7.42 (d, J = 7 Hz, 1 
H); mass spectrum (70 eV), m/e (relative intensity) 328, 326 (4.5 
M'), 268,266 (26,28), 229,227 (80,86), 187 (40), 172 (34), 43 (100). 
Anal. Calcd for C15H1&ir03: C, 55.06; H, 5.85. Found: C, 55.24; 
H, 5.88. The second material eluted was identified as dienone 
7c (196 mg, 79%), a light yellow solid: mp 115.5-116.0 "C; 'H 

(m, 4 H), 2.07 (9, 3 H), 4.55 (dd, J = 7, 8 Hz, 1 H), 5.94 (d, J = 
10 Hz, 1 H), 6.25 (d, J = 7 Hz, 1 H), 7.02 (dd, J = 7, 10 Hz, 1 H); 
mass spectrum (70 eV), m/e (relative intensity) 248 (14, M'), 206 
(20), 188 (55), 173 (64), 149 (loo), 145 (72), 43 (33). Anal. Calcd 
for C15HZoO3: C, 72.55; H, 8.12. Found: C, 72.62; H, 8.34. 
5,5,8ap-Trimethyl-3,4,4a(u,5,6,7,8,8a-octahydronap ht halen- 

l(2H)-one (la). To a solution of 6.0 g (31 mmol) of ketone 7a 
in 210 mL of a mixture of 1:l absolute methanol-dry benzene was 
added 850 mg (0.93 mmol) of Wilkinson's catalyst (3 mol %). This 
mixture was hydrogenated in a hydrogen atmosphere at a pressure 
of 28 psi. Column chromatography over SiOz (150 g, eluent 
ether-petroleum ether (40-60 "C), 1:9) yielded 4.81 g (80%) of 
ketone la: 'H NMR (CDCl,) 6 0.91 (9, 3 H), 0.95 (9, 3 H), 1.16 
(9, 3 H), 1.0-2.9 (m, 13 H). The additional characteristics were 
identical with those reported in the literature.lb 
6&Acetoxy-5,5,8a@- trimet hyl-3,4,4aa,5,6,7,8a-octahydro- 

naphthalen-l(aH)-one (IC). The hydrogenation of 1.0 g (4 
mmol) of ketone 7c was performed as outlined above at a pressure 
of 28 psi. The acetate IC was obtained in 80% yield (0.81 g): 'H 

(m, 11 H), 2.05 (9, 3 H), 4.45 (dd, J = 6, 11 Hz, 1 H). The 
additional characteristics were identical with those reported in 
the literature.6 
Methyl l,l-(Ethylenedioxy)-6-oxo-8a/3-methyl- 

1~,3,4,6,7,8,8a-octahydronaphthalene-5-carboxylate (4). The 
procedure of Ellis, Dutcher, and Heathcock'2 was employed for 
the synthesis of the diketo ester by using 23.9 g (149 "01) methyl 
5-methoxy-3-0xopentanoate'~ and 20.7 g (164 mmol) 2-methyl- 
~yclohexane-1,3-dione.'~ A yield of 27.0 g (82%) of the product 
was obtained mp 69-70 "C mp 70-71 "C); 'H NMR (CDCl,) 
6 1.48 (9, 3 H), 1.6-2.8 (m, 10 H), 3.78 (9, 3 H). The procedure 
of Bauduin and Pietra~anta '~ was employed for the protection 
of the carbonyl function at  C-1. A total of 20.6 g (87.1 mmol) of 

NMR (CDC13) b 1.18 (9, 3 H), 1.28 (8,  3 H), 1.39 (s, 3 H), 1.1-2.3 

NMR (CDC1,) 6 0.90 (9, 3 H), 0.97 (5, 3 H), 1.18 (s, 3 H), 1.1-2.8 

Reuvers and de Groot 

(12) Eliis, J. E.; Dutcher, J. S.; Heathcock, C. H. Synth. Commun. 

(13) Wakselman, C.;  Molines, H. Synthesis 1979, 622. 
(14) Marshall, J. A.; Seitz, D. E.; Snijder, W. R.; Goldberg, B. Synth. 

1974, 4, 71. 

Commun. 1974, 4, 79. 

diketo ester was dissolved in 75 mL of 2-methyl-2-ethyl-1,3-di- 
0~0lane.l~ Glycol (1.5 mL) and 200 mg of p-toluenesulfonic acid 
were added, and the mixture was stirred at room temperature 
for 4 days. TLC examination revealed that the reaction was 
complete. The reaction mixture was poured into 150 L of a 
saturated sodium bicarbonate solution and extracted with ether 
(3 X 150 mL). The combined organic layers were washed with 
water (100 mL) and brine and then dried (Na2SO4). The solvent 
was evaporated, and the residual light yellow oil was crystallized 
from diisopropyl ether-methanol to give 15.8 g of keto ester aceta) 
4. The mother liquor was chromatographed over SiOz (100 g). 
Elution with 3:l ether-petroleum ether (40-60 "C) gave an ad- 
ditional 4.2 g of product. The total yield was 82%: mp 121-122 
"C (lit.7 mp 120-122 "C); 'H NMR (CDCI,) 6 1.38 (s, 3 H), 1.8-2.7 
(m, 10 H), 3.76 (s, 3 H), 3.93 (s, 4 H). 
Methyl 1,l-( Ethylenedioxy)-5a,8a/3-dimethyl-6~-hydroxy- 

1,2,3,5,6,7,8,8a-octahydronaphthalene-5~-carboxylate (8b). 
For the methylation of ketone 4, the procedure of Mangoni et 
al .16  was addapted. A solution of 9.09 g (32.4 mmol) of keto ester 
ketal 4 in 50 mL of 1:l of dry benzene and tert-butyl alcohol was 
added dropwise in 30 min to a stirred solution of 4.10 g (33.5 
mmol) of commercial potassium tert-butoxide in 500 mL of 4:l 
dry benzene-tert-butyl alcohol under Nz. After being stirred for 
15 min at  40 "C, the dark red solution was cooled to 0 "C in an 
ice bath. Then 25 mL of methyl iodide was added and the mixture 
refluxed for 17 h. The cooled reaction mixture was poured into 
water and the layers were separated. The aqueous layer was 
extracted with ether (2 X 150 mL). The combined organic layer 
washed with water (100 mL) and brine and dried (Na2S04). The 
solvent was evaporated under reduced pressure, and the residual 
white solid was crystallized from diisopropyl ether-methanol to 
give 7.15 g of methylated keto ester ketal. The mother liquor was 
chromatographed over SiOz (50 g, eluent ether-petroleum ether 
(40-60 "C), 3:l) to afford an additional 1.06 g. A total yield of 
8.12 g (86%) was obtained: mp 120-121 "C (lit.7 mp 121.5-122.5 
"C); 'H NMR (CDCl,) 6 1.25 (s, 3 H), 1.49 (s, 3 H), 1.7-2.8 (m, 
8 H), 3.69 (s, 3 H), 4.0 (br s, 4 H), 5.59 (dd, J = 4, 4 Hz, 1 H). 

For the reduction of the carbonyl function at C-6, the procedure 
of Pelletier, Chappell, and Prabhaka~~ was used, affording hydroxy 
ester ketal 8b as a solid material (90% yield). NMR analyses 
showed a single compound, which was used without further pu- 
rification in the next step: 'H NMR (CDC1,) 6 1.07 (s, 3 H), 1.51 
(s, 3 H), 1.4-2.4 (m, 8 H), 3.13 (dd, J = 6, 9 Hz, 1 H), 3.55 (br 
s, 1 H, exchanges with DzO), 3.61 (5, 3 H), 3.92 (s, 4 H), 5.79 (dd, 
J = 4, 4 Hz, 1 H). 
Methyl l-Oxo-6~-acetoxy-5a,8a~-dimethyl-1,5,6,7,8,8a- 

hexahydronaphthalene-5P-carboxylate (9c). Compound 8b 
was converted into acetate 6c according to Pelletier et aL7 The 
bromination and dehydrobromination of acetate 6c was performed 
as described for the synthesis of compound 7a. There was used 
7.34 g (25.0) of acetate 6c and the crude product was chroma- 
tographed over SiOz (150 g, eluent ether-petroleum ether (40-60 
"C), 2:3). The first compound isolated was 0.36 g (4%) of bromo 
acetate lob, which was not further characterized but hydrolyzed 
to bromo hydroxy ketone loa. The second compound eluted was 
identified as dienone acetate 9c (6.61 g, 91%): mp 108.0-108.5 
"C; 'H NMR (CDCl,) b 1.21 (5, 3 H), 1.47 (s, 3 H), 1.3-2.8 (m, 
4 H), 2.00 (s, 3 H), 3.66 (s, 3 H), 4.52 (dd, J = 4, 12 Hz, 1 H), 6.03 
(d, J = 10 Hz, 1 H), 6.41 (d, J = 7 Hz, 1 H), 7.10 (dd, J = 7, 10 
Hz, 1 H); mass spectrum (70 eV), m/e (relative intensity) 292 (12, 
M'), 232 (32), 173 (loo), 172 (41), 145 (87), 43 (93). Anal. Calcd 
for Cl6HZ0O5: C, 65.74; H, 6.90. Found: C, 65.70; H, 6.95. 
Methyl l-Oxo-5cu,8a~-dimethyl-6~-hydroxy-1,5,6,7,8,8a- 

hexahydronaphthalene-5P-carboxylate (9b). To a solution 
of 6.28 g (21.5 mmol) of acetate 9c in 100 mL of methanol was 
added at  0 "C a solution of 2.09 g (14.5 mmol) of potassium 
carbonate. After being stirred for 4 h, the mixture was poured 
into ice water, and the aqueous layer extracted with dichloro- 
methane (5 X 60 mL). The combined organic layers were washed 
with water (100 mL) and brine and dried (Na,SO,). Evaporation 
of the solvent under reduced pressure yielded a light yellow solid, 
which was crystallized from diisopropyl ether to afford 4.69 g (18.8 

(15) Bauduin, G.; Pietrasanta, N. Tetrahedron 1973, 29, 4225. 
(16) Mangoni, L.; Adinolfi, M.; Laonigro, G.; Caputo, R. Tetrahedron 

1972, 28, 611. 
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m o l ,  87%) of hydroxy dienone 9 b  mp 125.0-126.0 "C; 'H NMR 
(CDC13) 6 1.14 (s, 3 H), 1.62 (8 ,  3 H), 1.3-2.4 (m, 4 H), 3.14 (dd, 
J = 6, 11 Hz, 1 H), 3.62 (8,  3 H), 3.72 (br s, 1 H, exchanges with 
DzO), 5.99 (d, J = 10 Hz, 1 H), 6.34 (d, J = 6 Hz, 1 H), 7.05 (dd, 
J = 6,lO Hz, 1 H); spectrum (70 eV), m / e  (relative intensity) 
250 (20, M+), 232 (5), 218 (36), 194 (87), 173 (41), 162 (loo), 161 
(34), 145 (49), 133 (36). Anal. Calcd for C&S04: C, 67.18; H, 
7.25. Found: C, 66.98; H, 7.23. 

Methyl 1-Oxo-2-bromo-5a,8a~-dimethyl-6~-hydroxy- 
1,5,6,7,8,8a-hexahydronaphthalene-5~-carboxylate (loa). 
Bromo dienone acetate 10b was treated as is described for the 
synthesis of compound 9b from 9c. This afforded 300 mg (0.9 
mmol, 86%) of bromo dienone loa: mp 154.5-155.5 "C; 'H NMR 
(CDCl,) 6 1.21 (8, 3 H), 1.64 (8,  3 H), 1.3-2.5 (m, 4 H), 3.18 (dd, 
J = 5,9 Hz, 1 H), 3.68 (s,3 H), 3.70 (br s, 1 H, exchanges wjth 
DzO), 6.31 (d, J = 7 Hz, 1 H), 7.59 (d, J = 7 Hz, 1 H); mass 
spectrum (70 eV), m / e  (relative intensity) 330,328 (19,21, M'), 
298, 296 (35, 37), 274, 272 (94, loo), 273, 271 (42, 40), 242, 240 
(93, go), 241, 239 (50, 44), 213, 211 (50, 42), 192 (32), 172 (56), 
43 (68). Anal. Calcd for C14H17Br04: C, 51.08; H, 5.21. Found 
C, 51.36; H, 5.06. 

General Procedures for the Hydrogenation of t he  Dien- 
ones 9b and  9c with Tris(triphenylphosphine)rhodium(I) 
Chloride. Method A. To a solution of 4 mmol of dienone in 
40 mL of absolute methanol and dry benzene (1:l) was added 200 
mg of Wilkinson's catalyst (5 mol %). This mixture was hy- 
drogenated in a hydrogen atmosphere at  the indicated pressure 
(see Table I). The yields obtained after column chromatography 
over SiOz were approximately 80%. 

Method B. To a solution of 4 mmol of the dienone in 40 mL 
of absolute methanol and dry benzene (1:l) was added 200 mg 
of Wilkinson's catalyst (5 mol %). When the catalyst was dis- 
solved the solution was stirred in contact with air for 1 h. The 
mixture was hydrogenated at a hydrogen pressure of 130 psi. 
Column chromatography over SiOz afforded 80% of hydroxy keto 
ester 2b. 

M e t h y l  l-Oxo-6/3-acetoxy-5a,8a~-dimethyl- 
1,2,3,4,4aa,5,6,7,8,8a-decahydronaphthalene-5/3-carboxylate 
(2c). The procedure outlined above was used (see Table I): mp 

1.0-2.8 (m, 11 H), 2.06 (s,3 H), 3.72 (8 ,  3 H), 4.53 (dd, J = 5, 13 
Hz, 1 H); mass spectrum (70 eV), m / e  (relative intensity) 268 (3, 
M+), 236 (52), 226 (E), 209 (16), 208 (loo), 193 (11). Anal. Calcd 
for C1&205: C, 64.84; H, 8.16. Found: C, 64.94; H, 8.26. 

M e t h y l  l-Oxo-5a,8a~-dimethyl-6/3-hydroxy- 
1,2,%,4,4aa,5,6,7,8,8a-decahydronap hthalene-58-carboxylate 
(2b). The procedure outlined above was used (see Table I): mp 

1.0-2.6 (m, 11 H), 3.08 (dd, J = 6, 9 Hz, 1 H), 3.6 (br s, 1 H, 
exchanges with DzO), 3.73 (s,3 H); mass spectrum (70 eV), m / e  
(relative intensity) 254 (6, M'), 236 (30), 222 (22), 204 (la), 165 
(46), 149 (241, 125 (60), 121 (341, 107 (45), 95 (100). Anal. Calcd 
for C14H2204: C, 66.11; H, 8.72. Found C, 66.35; H, 8.80. 

M e t h y l  l-Oxo-5a,8a/3-dimethyl-6/3-hydroxy- 
1,2,3,4,4a@,5,6,7,8,8a-decahydronap hthalene-5P-carbogylate 
(1 1). A side product of the hydrogenation of 9b at higher pressure 
(see Table I): mp 105.5-107.0 "C; 'H NMR (CDC13) 6 1.10 (s,3 
H), 1.34 (s,3 H), 1.2-2.7 (m, 11 H), 3.60 (br s, 1 H, exchanges with 
DzO), 3.68 (dd, J = 5, 9 Hz, 1 H), 3.70 (8 ,  3 H); mass spectrum 
(70 eV), m / e  (relative intensity) 254 (4, M+), 236 (38), 222 (l6), 

127.5-128.0 "C; 'H NMR (CDClJ 6 1.08 (8,  3 H), 1.27 (9, 3 H), 

158.0-159.0 "C; 'H NMR (CDClg) 6 0.98 (8,  3 H), 1.40 (9, 3 H), 
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204 (38), 165 (38), 149 (40), 121 (42), 107 (56), 95 (100). Anal. 
Calcd for Cl4H2204: C, 66.11; H, 8.72. Found C, 66.26; H, 8.81. 

Methyl 1,l-(Ethylenedioxy)-5aY,8a/3-dimethyl-6/3-hydroxy- 
1,2,3,4,4aa,5,6,7,8,8a-decahydronapht halene-58-carboxylate 
(12). For the protection of the carbonyl function at C-1, the 
procedure described for the synthesis of acetal 4 was employed 
to give 252 mg (0.85 mmol, 80%) of hydroxy acetal 12: 'H NMR 
(CDC1,) 6 0.88 (s, 3 H), 1.36 (s, 3 H), 1.1-2.3 (m, 11 H), 3.11 (dd, 
J = 4,lO Hz, 1 H), 3.15 (br s, exchanges with DzO, 1 H), 3.67 (s, 
3 H), 3.90 (br s, 4 H); mass spectrum (70 eV), m / e  (relative 
intensity) 298 (18, M+), 99 (loo), 86 (24); calcd for C16HB05 M+ 
298.1780, found M+ 298.1790. 

Methyl l-Oxo-5a,8a~-dimethyl-1,2,3,4,4aa,5,8,8a-octa- 
hydronaphthalene-5/3-carboqylate (13). To an ice-cooled so- 
lution of 252 mg (0.85 mmol) of hydroxy acetal 12 in 10 mL of 
dry pyridine was added at 0 "C 0.5 mL of phosphorus oxytri- 
chloride, and then the solution wag refluxed for 1 h. The cooled 
reaction mixture was poured ipto ice water and extracted with 
dichloromethane (4 X 50 mL). The combined organic layers were 
washed with 1 N hydrochloric acid (50 mL), saturated sodium 
bicarbonate solution (50 A), and brine and dried (Na2S04). The 
solution was concentrated in vacuo, and the residual oil (112 mg) 
was dissolved in 5 mL of methanol. Then 0.5 mL of 4 N hy- 
drochloric acid was added, and the reaction mixture was stirred 
for 17 h. The reaction mixture was poured into ice water con- 
taining 5 mL of saturated sodium bicarbonate solution, and this 
aqueous layer was extracted with dichloromethqne (4 X 50 mL). 
The organic layers were washed with brine and dried (Na2S04). 
The crude product that was obtained after evaporation of the 
solvent was chromatographed over SiOz (30 g, eluent ether-pe- 
troleum ether (40-60 "C), 1:l) and yielded 84 mg (0.36 mmol,42%) 
of 1 3  'H NMR (CDCI,) 6 1.07 (8,  3 H), 1.30 (s, 3 H), 1.1-2.6 (m, 
8 H), 3.65 (8 ,  3 H), 5.60 (m, 2 H); mass spectrum (70 eV), m / e  
(relative intensity) 236 (26, M+), 193 (56), 177 (38), 159 (loo), 133 
(41), 85 (50); calcd for Cl4HmO3 M+ 236.1412, found M+ 236.1420. 

Methyl l-0xo-5a98a/3-dimethyl- 1,2,3,4,4aa,5,6,7,8,8a-deca- 
hydronaphthalene-58-carboxylate (2a). To a solution of 70 
mg (0.29 mmol) of enone 13 was added 50 mg of palladium on 
charcoal, and this mixture was hydrogenated at atmospheric 
pressure for 5 h. The catalyst was filtered off and the solution 
concentrated in vacuo. The crude product (67 mg, 95%) was 
crystallized from petroleum ether (40-60 "C) to give 30 mg of 2a: 
mp 85-87 "C (lit.5 mp 87.5-88.5 "C); 'H NMR (CDC13) 6 0.97 (s, 
3 H), 1.20 (s,3 H), 1.1-2.8 (m, 13 H), 3.68 (s,3 H); mass spectrum 
(70 eV), m / e  (relative intensity) 238 (4, M+) 210 (27), 151 (31), 
110 (22), 109 (loo), 101 (21), 95 (26), 81 (23); calcd for C14H2203 
M+ 238.1569, found M+ 238.1550. These data are in agreement 
with those reported in the l i t e ra t~re .~  
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