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A stereospecific [2,3] sigmatropic rearrangement of secondary allylic selenoxides as a route to allylic alcohols 
having a defined stereochemistry is described. It has been demonstrated that secondary allylic alcohols react 
with aryl selenocyanates in the presence of tri-n-butylphosphine with inversion of configuration and that subsequent 
[ 2,3] sigmatropic rearrangement of the resulting selenoxides afforded stereospecifically generated allylic alcohol 
systems. 

Several years ago Sharpless and Lauer2 reported that 
allylic selenoxides undergo [2,3] sigmatropic rearrange- 
ments to afford allylic alcohols. In a steroid case, Salmond 
and co-workers3 reported that the products derived from 
the 7a-and 7P-phenyl selenoxides of cholesteryl-30-ben- 
zoate are dependent on the chirality4 of the selenium in 
the selenoxide. 

A facile one-step synthesis of alkyl aryl selenides by 
reaction of primary and secondary alcohols with (o-nitro- 
phenyl) ~elenocyanate~ in the presence of tri-n-butyl- 
phosphine has been reported by Grieco and co-workers? 
Recently Krief and Servin' demonstrated that secondary 
alcohols react with (o-nitrophenyl) selenocyanate to give 
selenides with inversion of configuration. Clive and co- 
workers8 have shown that primary allylic alcohols undergo 
effective contrathermodynamic isomerization when treated 
with aryl selenocyanate and tri-n-butylphosphine followed 
by oxidation with hydrogen peroxide. 

In relation to the synthesis of d,l-micordilin (1),9 a 
complex hemiacetal of a hydroxylated dialdehydic elem- 
anolide, we were interested in utilizing a 1,3-transposition 
of a secondary allylic alcohol via an intermediate allylic 
selenoxide as a plausible route to the stereospecifically 
defined allylic alcohol system 2. The recent report of Back 

HO 

c_ 0. I 

1 2 

and McPheelO on the 1,3-transposition of a 3P-hydroxy- 
4-androstene derivative via an intermediate allylic selen- 
oxide prompted us to communicate our results herein. 

Synthesis of enone 9, a precursor to 2, was achieved as 
outlined below. Catalytic hydrogenation'l of octalone 312 
gave trans-decalone 4 (87%). The stereochemistry de- 
picted in 4 was verified by an alternate synthesis as shown 
in Scheme I. Reaction of the lithium enolate of 4 with 
trimethylsilyl chloride (Scheme 11) afforded the silyl enol 
ether 10. Subsequent oxidation of 10 with DDQ13 gave 
enone 9 (36%). Alternatively 9 was obtained in a one-step 
tran~formation'~ in 40% yield by reaction of 4 with phe- 
nylselenenyl chloride in EtOAc followed by oxidation of 
the intermediate selenide 8 directly with H2O2 in the 
presence of pyridine. 

Enone 9 is ideally suited for the construction of 2, since 
the A1V2-double bond serves a dual function. First, the 
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a Li, NH,, EtOH, -33 "C. PDC, PTA, CH,Cl,, room 
temperature. AgNO,, KOH, aqueous EtOH. d 3.5% 
oxalic acid. e CH,N,, Et,O-MeOH (5:1), 0 "C. H,, 
5% Pd-C, EtOAc, room temperature. 
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a PhSeC1, EtOAc, room temperature. 30% H,O,, py, 
CH,Cl,, A .  LDA, THF, -78 "C, then Me,SiCl. DDQ, 
PhH, 2,4,6-collidine, room temperature. 

double bond acts as a blocking group to allow hydroxy- 
methylation15 at  C-4, and secondly, this system provides 
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a NaBH,, CeC1,.7H2O, MeOH, 0 "C. o-NO,PhSeCN, 
n-Bu,P, THF, room tempera ture .  
-30 "C. 
exclusively. 
f a ,  room tempera ture .  

30% H,O,, T H F ,  

e PDC, PTA,  CH,CI,, room temperature.  
30% H,O,, p y ,  T H F ,  -20 "C; gives 13 

Scheme IV 
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30% H,O,, aqueous  NaOH, MeOH, 0 "C. 
NH,NH,.H,O, MeOH, 0 "C. 
tempera ture .  

a vehicle to introduce the A2q3-double bond and the desired 
stereochemistry at  C-1. With this in mind, the next ob- 

(1) Abstracted from the M.S. Thesis of R. J. Chambers. 
(2) Sharpless, K. B.; Lauer, R. F. J. Am. Chem. SOC. 1972, 94, 7154. 

Sharpless, K. B.; Lauer, R. F. Ibid. 1973, 95, 2697. Sharpless, K. B.; 
Young, M. W.; Lauer, R. F. Tetrahedron Let t .  1973, 1979. 
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hedron Let t .  1977, 1683. 

(4) (a) Jones, D. N.; Mundy, D.; Whitehouse, R. B. J. Chem. SOC. D 
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difficulty in obtaining chiral selenoxides has been attributed to their fast 
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a Ph,P, PhCO,H, DEAD,  T H F ,  room temperature.  
NaOMe, MeOH, 50 "C. 

30% H,O,, py ,  CH,CI,, 10  "C. 
o-NO,PhSeCN, it-Bu,P, T H F ,  
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jective was to determine a feasible route to the C-1 @-allylic 
alcohol functionality in 2. Several routes toward these ends 
are delineated below. 

Hydride reduction of enone 9 (Scheme 111) in the 
presence of CeCl,'6 afforded the 3P-dcoholll in 77% yield. 
Reaction of 11 with o-nitrophenyl selenocyanate in the 
presence of tri-n-butylphosphine6 occurred with inversion 
of configuration to yield the 3a-selenide 12 (91%). Al- 
though allylic selenides are known l ' ~ ~  to undergo a [1,3] 
shift to produce the thermodynamically more stable isomer 
in the presence of heat, acid or light, the ease of the [1,3] 

(8) Clive, D. L. J.; Chittattu, G.; Curtis, N. J.; Menchen, S. M. J .  
Chem. Soc., Chem. Conmun. 1978,770. For a review of organoselenium 
chemistry see: Clive, D. L. J. Tetrahedron 1978, 34, 1049. Reich, H. J. 
"Organic Chemistry: Oxidation In Organic Chemistry"; Trahanovsky, W. 
S., Ed.; Academic Press: New York, 1978; Vol. 5-C, p 1. 

(9) Herz, W.; Subramaniam, P. S.; Murari, R.; Dennis, N.; Blount, J. 
F. J .  Org. Chem. 1977, 42, 1720. 

(10) Back, T. G.; McPhee, D. J. J .  Org. Chem. 1984, 49, 3842. 
(11) Idelson, M.; Becker, E. I. J .  Am. Chem. SOC. 1958, 80, 908. 

Boeckman, R. K., Jr.; Demko, D. M. J.  Org. Chem. 1982,47, 1791. 
(12) Church, R. F.; Ireland, R. E.; Shridhar, D. R. J.  Org. Chem. 1962, 

27, 707. 
(13) Patterson, J. W., Jr.; Fried, J. H. J .  Org. Chem. 1974, 39, 2505. 

Stork, G.; dAngelo, J. J. Am. Chem. SOC. 1974,96, 7114. Binkley, E. S.; 
Heathcock, C. H. J.  Org. Chem. 1975, 40, 2156. Fleming, I.; Patterson, 
I. Synthesis 1979, 736. Ryu, I.; Murai, S.; Hatayama, Y.; Sonoda, N. 
Terahedron Let t .  1978, 3455. 

(14) Grieco, P. A.; Ferrino, S.; Oguri, T. J.  Org. Chem. 1979,44, 2539. 
(15) Hydroxymethylation of the lithium enolate of 9 with HCHO gas 

at -20 OC afforded after chromatography a 40% yield of alcohol iii: 'H 
NMR (250 MHz,CDCIJ 6 6.66 (d, 1 H , J  = 9.8 Hz), 5.97 (d, 1 H , J =  9.8 
Hz), 4.24 (broadened dd, 1 H, collapses to s, on irradiation at  d 3.77), 3.77 
(broadened dd, 1 H), 3.31 (m, 1 H, C-4 methine, collapses to broadened 
d, on irradiation at d 3.77), on addition of D20 the resonance signals at 
d 4.24 and 3.77 sharpened to a dd ( J  = 3 and 11 Hz) and dd ( J  = 6 and 
11 Hz), respectively; mass spectra (FAB), m / e  297. A trace amount of 
diols iv and v were also detected. 

(16) Luche, J. L. J. Am. Chem. SOC. 1978,100, 2226. 
(17) Sharpless, K. B.; Lauer, R. F. J .  Am. Chem. SOC. 1972,37, 3973. 
(18) DiGramberardino, T.; Halazy, S.; Dumont, W.; Krief, A. Tetra- 

hedron Let t .  1983, 3413. 
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n-Bu,P, THF, room temperature. 
-40 "C. 
ture. 
THF, room temperature. 

shift depends to a large extent on the type of selenide 
employed and the reaction conditions that are utilized in 
the rearrangement. The regiochemical integrity of 12 is 
demonstrated by the high resolution NMR which shows 
a doublet a t  6 5.78 (J = 10 Hz) and a doublet of doublets 
at 6 5.88 (J  = 4.2, 10 Hz). Irradiation of the C-3 methine 
at 6 4.27 caused the doublet of doublets at 6 5.88 to collapse 
to a doublet, J = 10 Hz. 

Subsequent treatment of 12 with HzOz in the presence 
of pyridine at  -30 "C and concomitant [2,3] sigmatropic 
rearrangement of the intermediate allylic selenoxide af- 
forded stereospecifically the la-alcohol 13 (88%). When 
the above reaction was conducted in the absence of pyr- 
idine, a 4:l mixture of 13 and epoxide 14 was obtained. 
Presumably epoxidation of 13 occurs with HzOz in the 
presence of the in situ generated selenenic acid.lg The 
stereochemistry at C-1 in 13 was rigorously established by 
an alternate synthesis as outlined in Scheme IV. The 
conversion of 13 to the C-1 6-alcohol 17 (Scheme 111) was 
effected in a straightforward manner. Thus oxidation20 
of 13 and subsequent hydride reduction of the resulting 
enone 16 in the presence of CeC1316 gave 17 (67%). 

In order to utilize the selenoxide [2,3] sigmatropic re- 
arrangement as a direct entry to the 16-allylic alcohol 
system in 2, a requisite 3a-allylic alcohol is required. This 
type of approach was realized as outlined in Scheme V by 
employing the Mitsunobu21 inversion reaction in tandem 

30% H,O,, py, THF, 

fo-NO,PhSeCN, n-Bu,P, 
g 30% H,O,, py, THF, -20 "C. 

e NaOMe, MeOH, 50 "C. 

(19) Hori, T.; Sharpless, K. B. J. Org. Chem. 1978,43, 1689. 
(20) Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 339. 
(21) Mitsunobu, 0. Synthesis 1981, 1. 
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HOAc, MeOH, room NH,NH,.H,O, MeOH, 0 "C. 
temperature. NaBH,, CeCl,, MeOH, 0 "C. e m-CPBA, 
CH,Cl,, 0 "C. f PDC, PTA, CH,CI,, room temperature. 

with the aforementioned sigmatropic rearrangement. 
Reaction of the 36-alcoholll with diethyl azodicarboxylate 
and triphenylphosphine in the presence of benzoic acid 
gave diester 18 in 72% yield. Transesterifcation of 18 with 
sodium methoxide afforded the 3a-alcohol 19 (96%). o- 
Nitrophenylselenenylation of 19 yielded the 36-selenide 
20 (92%) and subsequent oxidation of 20 at 10 OCZ2 with 
H202 gave 17 (68%). 

To determine the applicability of the above [2,3] sig- 
matropic rearrangement to stereospecifically defined ter- 
tiary allylic alcohol systems, studies involving the 36- 
alcohol 21 and the 3a-alcohol 26 were undertaken as 
delineated in Scheme VI. As shown in the scheme, the 
conversion of 21 to 2323 and 26 to 28 follow closely the 
methodology for 11 and 19 (vide supra; see Experimental 
Section for details). The stereochemistry depicted in 23 
and 28 was verified by an alternate synthesis utilizing the 

(22) Hydrogen peroxide was not effective in oxidizing 20 at -40 and 
-20 "C in the presence of pyridine in THF. 

(23) The rearrangement at -40, -20, and 0 OC afforded approximately 
the same yield (60%). A less polar byproductZ4 (-20%) was isolated but 
not fully characterized. 

(24) The byproduct i ('H NMR (250 MHz, CDCl,) 6.5.y (m, 2 H), 5.65 
(m, 1 H), 3.66 ( 8 ,  3 H)) was obtained from syn-elimination. Approxi- 
mately 10% of ii ('H NMR (250 MHz, CDC18) d 5.95 (m, 1 H), 5.82 (m, 
2 H), 5.56 (d, 1 H, J = 9 Hz), 3.60 (s, 3 H)) was obtained from the 
intermediate selenoxides of 12 and 20. &2 &> 

/ ' 1  

, ti 
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W h a r t ~ n ~ ~  reaction as outlined in Scheme VII. 
In summary, the above [2,3] sigmatropic rearrangement 

via secondary allylic selenoxides provides a direct stereo- 
specific entry t o  allylic alcohol systems through inversion 
of configuration. The Mitsunobu inversion reaction in 
t andem with the selenoxide [ 2,3] sigmatropic rearrange- 
men t  provides an entry t o  secondary allylic alcohols with 
retention of configuration. T h e  ability t o  conduct t h e  
stereospecific reaction under mild reaction conditions and 
low temperatures should provide a useful synthetic method 
to stereo defined secondary allylic alcohols. T h e  appli- 
cation of this methodology t o  the total  synthesis of 1 is 
currently being investigated. 

Experimental Section 
Proton magnetic resonance spectra were obtained at  60 MHz 

with a Varian EM 360 A instrument, a t  250 MHz with a Bruker 
WM 250 instrument, at 300 MHz with a General Electric $E-300 
instrument, and at  360 MHz with a Nicolet NT-360. Chemical 
shifts are expressed in b values relative to Me$i as an internal 
standard. Coupling constants (J) are given in hertz. High- and 
low-resolution mass spectra were obtained with a VG Micromass 
70-70 F instrument by electron ionization. Infrared spectra, 
obtained on a Perkin-Elmer Model 727B instrument, are reported 
in wavenumbers (cm-I). All melting points were obtained on an 
Electrothermal melting point apparatus and are uncorrected. All 
boiling points are uncorrected. Preparative chromatography was 
performed on Merck Silica Gel G 60 (70-230 mesh) and Merck 
Silica Gel G (230-400 mesh, for pressure chromatography). 
Thin-layer chromatography was performed with Sybron/Brink- 
mann Silica Gel G/UV254 plates, 0.25 mm (analytical). Com- 
pounds on chromatography plates were visualized by spraying 
with 4% phosphomolybdic acid in isopropyl alcohol followed by 
heating. 

8a-Carbomethoxy-7,7-et hylenedioxy-l,5,6,7,8,8a- hexa- 
hydro-3(2H)-oxonaphthalene (3). A 60% suspension of sodium 
hydride-mineral oil (2.8 g, 0.07 mol) was added to dry dimethyl 
carbonate (18.0 g, 0.20 mol) in 40 mL of dry THF. The resulting 
reaction mixture was heated to reflux, and 3 mL of a solution of 
4,4-ethylenedioxy-l-cyclohexanone (10.0 g, 0.064 mol) in 30 mL 
of dry THF was added dropwise. 

A slurry of 30% KH (0.6 g) in 10 mL of dry THF was added 
in one portion, and then the remaining 4,4-ethylenedioxy-1- 
cyclohexanone solution was added dropwise over a 0.75-h period. 
The resulting reaction mixture was refluxed for an additional 1.5 
h, cooled to an ambient temperature, and stirred overnight. the 
solvent was removed in vacuo; 20 mL of methanol was added to 
the residue, and the solvent was again removed in vacuo. The 
resulting enolate was then dissolved in 150 mL of methanol, placed 
under nitrogen, and cooled to -5 "C. 

Methyl vinyl ketone (9.0 g, 0.13 mol) was added dropwise with 
stirring a t  -5 to 0 "C, and stirring was continued for 3.5 h a t  0 
"C and then at 5 "C (refrigerator) for 2 days. The reaction mixture 
was diluted with 50 mL of brine and extracted with four 100-mL 
portions of methylene chloride. The organic extracts were washed 
with two 250-mL portions of brine, dried (Na2S04), and con- 
centrated in vacuo to give a semisolid. Recrystalization from 
methanol afforded 7.2 g (42%) of 3: mp 122-124 "C (lit.12 mp 
124-126 "C); 'H NMR (CDC1,) 6 6.03 (d, 1 H, J = 2 Hz), 3.98 (m, 
4 H), 3.79 (s, 3 H); IR (KBr) 1720 (s), 1660 (s) cm-'. 

(4a&8aa)- 1,4,4a,5,6,7,8,8a-0ctahydro-8a~-carbomethoxy- 
7,7-ethylenedioxy-3(2H)-oxonaphthalene (4). To a solution 
of octalone 3 (3.0 g, 11.3 mmol) in 50 mL of ethyl acetate was 
added 0.45 g of 5% Pd/C, and the resulting reaction mixture was 
reduced with H2 at  1 atm a t  room temperature. After 1 equiv 
of hydrogen was absorbed, the reaction mixture was filtered 
through Celite with suction and subsequently concentrated in 
vacuo to give a white solid. Trituration with an ether-hexane 
solution afforded 2.6 g (87%) of 4: mp 115-116 "C; 'H NMR (250 
MHz, CDC13) 6 3.93 (m, 4 H), 3.74 (s, 3 H), 3.14 (apparent triplet, 
1 H,  J = 15 Hz); 2.48 (dd, J = 3, 15 Hz), 2.21 (m, 5 H), 1.67 (m, 

6 H), 1.36 (d, lH,  J = 15 Hz); IR (KBr) 1720 (br) cm-l; mass 
spectrum, m / e  (relative intensity) 268 (M', 4), 209 (9), 99 (loo), 
55 (27); mass spectrum calcd for C14 Hzo05 m / e  268.1310, found 
m l e  268.1378. Reduction of octalone 3 (20 g) gave a 75% yield 
of 4. 

(3a,4a@,8aa)- 1,2,3,4,4a,5,6,7,8,8a-Decahydro-7,7-et hylene- 
dioxy-3~-hydroxy-8a@-(hydroxymethyl)naphthalene (5). 
Octalone 3 (6.0 g, 0.022 mol) in 100 mL of dry THF was added 
dropwise to a Li-NH, solutionz6 [Li (4.7 g, 0.68 mol); NH3 (400 
mL)] at -33 "C. The reaction mixture was stirred an additional 
hour at -33 "C, and then dry ethanol (60 mL) was added dropwise 
over a 1.0-h period. The ammonia was evaporated, and the 
resulting residue was dissolved in 800 mL of methylene chloride. 
The organic solution was washed with two 100-mL portions of 
brine, dried (Na2S04), and concentrated in vacuo to afford an oil. 
Trituration with ether gave 2.1 g (40%) of 5: mp 147-149 "C; 
'H NMR (360 MHz, CDC1,) b 3.92 (m, 5 H), 3.65 (m, 2 H), 2.13 
(m, 1 H), 2.02 (dd, 1 H, J = 2.6, 13.9 Hz), 1.85 (m, 3 H), 1.15-1.74 
(m), 1.16 (d, J = 13.9 Hz) [9 HI, 0.95 (apparent dt, 1 H); IR (KBr) 
3325 (br) cm-'. 
(4a~,8aa)-1,4,4a,5,6,7,8,8a-Octahydro-7,7-ethylenedioxy- 

8a@-formyl-3(2H)-oxonaphthalene (6). A solution of diol 5 
(2.0 g, 8.3 mmol), pyridinium dichromate (9.4 g, 25 mmol), and 
pyridinium trifluoroacetate (1.3 g, 6.7 mmol) in 25 mL of dry 
methylene chloride was stirred for 8 h at room temperature. The 
reaction mixture was diluted with 100 mL of methylene chloride 
and filtered, and the solvent was concentrated in vacuo to afford 
an oil. Chromatography on silica gel G (1:6), eluting with eth- 
er-hexane solutions, afforded 900 mg (46%) of 6: 'H NMR 
(CDC13) 6 9.80 (s, br, 1 H) and 4.03 (m, 4 H). The aldehyde was 
not characterized further but submitted directly to oxidation. 

(4a@,8aa)- 1,4,4a,5,6,7,8,8a-0ctahydro-8a@-carbomethoxy- 
7,7-ethylenedioxy-3(2H)-oxonaphthalene (4). AgN0327 (764 
mg, 4.50 mmol) in 3 mL of H 2 0  was added to aldehyde 6 (420 
mg, 1.76 "01) in 15 mL of absolute ethanol at room temperature. 
KOH (2.1 g, 37.5 mmol) in 35 mL of H20 was then added dropwise 
at room temperature, and the resulting reaction mixture was 
stirred for an additional 3 h. The silver salts were filtered, and 
the residue was washed with 35 mL of H20 and 5 mL of methanol. 
The combined filtrates were extracted with two 35-mL portions 
of ether. The aqueous layer was acidified (pH 4) with 3.5% oxalic 
acid (15 mL) and extracted with four 40-mL portions of methylene 
chloride. The organic extract was dried (Na2S04) and concen- 
trated in vacuo to afford 190 mg (43%) of 7: 'H NMR 
(CDC13-Me2SO-d6) 6 9.25 (s, br, CO,H), 3.99 (m, OCH,CH?O). 
The carboxylic acid 7 was submitted directly to esterification. 

An etheral solution of CHzNz was added to acid 7 (190 mg, 0.748 
mmol) in 20 mL of an ether-methanol solution (5: l )  at 0 "C until 
a yellow color persisted. The reaction mixture was washed with 
two 50-mL portions of a saturated NaHCO, solution and 25 mL 
of brine. The aqueous washings were combined and back-ex- 
tracted with two 50-mL portions of ether. The organic extracts 
were dried (Na,SO,) and concentrated in vacuo to afford an oil. 
Trituration with an ether-hexane solution gave 120 mg (60%) of 
4: mp 114-115.5 "C; IH NMR (360 MHz, CDCl,) 6 3.91 (m, 4 H), 
3.73 (s, 3 H), 3.14 (apparent t, J = 14.5 Hz), 2.48 (dd, J = 2.5, 
13.4 Hz), 2.22 (m, 5 H), 1.81 (m, 1 H), 1.61 (m, 5 H), 1.36 (d, 1 
H, J = 13 Hz); mass spectrum calcd for C14H20O5 m / e  268.1310, 
found m l e  268.1316. 
(4a&8a(r)-4a,5,6,7,8,8a-Hexahydro-8a&carbomet hoxy-7,7- 

ethylenedioxy-3(4H)-oxonaphthalene (9). Phenylselenenyl 
chloride (2.14 g, 11.2 mmol) was added to trans-decalone 4 (2.5 
g, 9.33 mmol) in 100 mL of dry ethyl acetate at room temperature, 
and the resulting reaction mixture was stirred for 3 h. Removal 
of the solvent in vacuo afforded an oil. The oil was dissolved in 
methylene chloride (100 mL) containing pyridine (2.2 g, 27.8 
mmol). 30% Hydrogen peroxide (1.9 mL, 18.6 mmol) was then 
added over a 0.1-h period. The exothermic reaction was controlled 
via a water bath during the addition of H202. The reaction 
mixture was stirred at an ambient temperature for 0.15 h, then 
refluxed for 0.15 h, cooled, and diluted with 100 mL of methylene 
chloride. The organic layer was extracted with brine (20 mL) and 
saturated NaHCO, (20 mL), dried (Na2S04), and concentrated 

(25) Wharton, P. S.; Bohlen, D. H. Chem. Commun. 1961,3615; Klein, (26) Stork, S.; Darling, S. D. J. Og. Chem. 1964, 86, 1761. 
(27) Sharmma, M.; Rodriquez, H. R. Tetrahedron 1968, 24, 6583. E.; Ohlorr, G. Tetrahedron 1963, 19, 1091. 
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in vacuo to give an oil. Chromatography on silica gel G (1:20), 
eluting with ether-hexane solutions, gave 1.0 g (40%) of 9: mp 
126-128.5 "C (ether-hexane); 'H NMR (250 MHz, CDClJ 6 6.66 
(d, 1 H, J = 10 Hz), 5.96 (d, 1 H, J = 10 Hz), 3.93 (m, 4 H), 3.68 
(s, 3 H), 3.22 (dd, 1 H, J = 14, 17.7 Hz), 2.59 (dd, 1 H, J = 2.5, 
13.2 Hz), 2.30 (m, 2 H), 2.04 (m, 1 H),  1.83 (m, 3 H), 1.53 (d, 1 
H, J = 13.2 Hz); IR (KBr) 1720,1670 cm-'; mass spectrum, m / e  
(relative intensity) 266 (M', ll), 100 (36), 99 (loo), 77 15), 55 (41); 
mass spectrum calcd for CI4Hl8O5 m / e  266.1153, found m / e  
266.1148. 
(3a,4a~,8aa)-3,4,4a,5,6,7,8,8a-Octahydro-8a8-carbometh- 

oxy-7,7-ethylenedioxy-3~-hydroxynaphthalene (1 1). Sodium 
borohydride (626 mg, 16.6 mmol) was added in small portions 
to a solution of enone 9 (1.0 g, 3.76 mmol) and cerium(II1) chloride 
heptahydrate (1.5 g, 4.03 mmol) in 50 mL of methanol a t  0 "C, 
and stirring was continued for 1 h a t  0 "C. Brine (50 mL) was 
added and the resulting mixture extracted with three 75-mL 
portions of ethyl acetate. The organic extract was washed with 
three 20-mL portions of brine, dried (Na2S04), and concentrated 
in vacuo to afford an oil. Chromatography on silica gel G (1:12), 
eluting with ether-hexane solutions, gave 1.0 g of an oil. Tritu- 
ration with a CC14-hexane solution afforded 780 mg (77%) of 11: 
mp 106.5-107.5 "C; 'H NMR (250 MHz, CDC1,) 6 5.74 (apparent 
dd, 1 H, J = 0.8,9.8 Hz), 5.61 (apparent dd, 1 H, J = 1.7,9.8 Hz), 
4.30 (m, 1 H), 3.90 (m, 4 H), 3.66 (s, 3 H), 2.47 (dd, 1 H, J = 2.5, 
13.2 Hz), 2.22 (m, 2 H), 1.98 (m, 1 H), 1.80 (m, 1 H), 1.67 (dd, 
1 H, J = 4.8, 13.1 Hz), 1.23-1.62 (m), 1.35 (d, J = 13.3 Hz) [4 HI; 
IR (KBr) 3300,1730 cm-'; mass spectrum, m / e  (relative intensity) 
268 (M+, l), 250 (l), 99 (loo), 55 (18); mass spectrum calcd for 
Cl4HZ0O5 m / e  268.1310, found m / e  268.1324. 

(38,4a8,8aa)-3,4,4a,5,6,7,8,8a-Octahydro-8aS-carbomet h- 
oxy-7,7-ethylenedioxy-3a-( ( 0  - n i t r o p h e n y l ) s e l e n o ) -  
naphthalene (12). Tri-n-butylphosphine (389 pL, 1.56 mmol) 
was added via a syringe to a solution of the 38-alcohol 11 (280 
mg, 1.04 mmol) and o-nitrophenyl selenocyanate (354 mg, 1.56 
mmol) in 6 mL of dry THF over a 10-min period at  room tem- 
perature under nitrogen. The reaction mixture was stirred for 
6 h and then concentrated in vacuo to afford an oil. Chroma- 
tography on silica gel G (1:20), eluting with ether-hexane solutions, 
gave a solid. Trituration with ether-hexanes afforded 427 mg 
(91%) of 12: mp 154-156 "C; 'H NMR (360 MHz, CDC1,) 6 8.30 
(dd, 1 H, J = 1.0, 8.3 Hz), 7.57 (m, 2 H), 7.35 (m, 1 H), 5.88 (dd, 
1 H, J = 4, 10 Hz, collapses to d, J = 10 Hz, on irradiation at  6 
4.27), 5.78 (d, 1 H, J = 10 Hz), 4.27 (m, 1 H), 3.94 (m, 4 H) 3.66 
(s, 3 H), 3.01 (dq, 1 H, J = 4.6, 13 Hz), 2.49 (apparent dd, 1 H, 
J = 2.2, 13.2 Hz), 2.19 (dq, 1 H, J = 4.6, 13 Hz), 1.42-1.85 (m), 
1.45 (d, J = 13.2 Hz) [6 HI; IR (KBr) 1725 cm-'; mass spectrum, 
m / e  (relative intensity) 453 (M', 0.4), 251 (57), 191 (74), 147 (58), 
99 (loo), 91 (47), 55 (39); mass spectrum calcd for C20H23N06Se 
(M - 202 = loss of N02PhSe) m / e  251.1283, found m / e  251.1282. 
(1~,4a~,8a(u)-1,4,4a,5,6,7,8,8a-Octahydro-8a~-carbometh- 

oxy-7,7-ethylenedioxy-1a-hydroxynaphthalene (13). An 85% 
hydrazine hydrate solution (75 pL, 2.03 mmol) was added dropwise 
via a syringe to a solution of the wepoxide 15 (120 mg, 0.43 mmol) 
in 15 mL of dry methanol a t  0 "C, and stirring was continued at 
0 "C for 0.5 h. The reaction mixture bath (0 "C) was replaced 
by a water bath (20 "C) ,  and then glacial acetic acid (4.0 pL) was 
added via a syringe. The reaction mixture was stirred for an 
additional 1 h and then diluted with 100 mL of methylene chloride. 
The organic solution was washed with brine (20 mL), dried 
(Na2S04), and concentrated in vacuo to afford an oil. Chroma- 
tography on silica gel G (1:20), eluting with ether-hexane solutions, 
gave 60 mg (52%) of 13: 'H NMR (360 MHz, CDC1,) 6 5.94 (m, 
1 H), 5.85 (m, 1 H, collapses to a broadened d, J = 11 Hz, on 
irradiation at 6 4.09), 4.09 (broadened s, 1 H), 3.91 (m, 4 H), 3.63 
(s ,3  H), 2.52 (m, 1 H), 2.03-2.21 (m, 3 H), 1.94 (d, 1 H, J = 13.6 
Hz), 1.39-1.90 (m, 6 H); IR (CCl,) 3420, 1730 cm-'; mass spectrum, 
mle (relative intensity) 268 (M', 4), 198 (27), 167 (20), 147 (12), 
99 (loo), 77 (ll), 55 (21); mass spectrum calcd for C14H2005 m / e  
268.1310, found m l e  268.1357. 

(1~,4a~,8aa)-1,4,4a,5,6,7,8,8a-Octahydro-8a~-carbometh- 
oxy-7,7-ethylenedioxy-la-hydroxynaphthalene (13) and  
( 1@,2&3&4aj3,8aa)- 1,2,3,4,4a,5,6,7,8,8a-Decahydro-8a&carbo- 
methoxy-7,7-ethylenedioxy- la- hydroxy-2a,3a-epoxy-  
naphthalene (14). A 30% hydrogen peroxide solution (1.98 mL, 
19.4 mmol) was added via a syringe to a solution of the 3a-selenide 
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12 (390 mg, 0.86 mmol) in 10 mL of dry THF at  -30 "C over a 
0.2-h period. The reaction mixture was stirred at  -30 "C for 2 
h, allowed to warm to room temperature, and then diluted with 
ethyl acetate (80 mL). The organic solution was washed with 5% 
NaHC03 (10 mL) and brine (10 mL), dried (Na2S04), and con- 
centrated in vacuo to give an oil. Chromatography on silica gel 
G, eluting with ether-hexane solution, gave 180 mg of a 4 1  mixture 
of 13:14 as determined by 360-MHz NMR analysis. Rechroma- 
tography of the oil (180 mg) on silica gel G (1:50), eluting with 
ether-hexane solutions, afforded 36 mg (15%) of epoxide 14: mp 

9.7 Hz), 3.88 (m, 4 H), 3.68 (s, 3 H), 3.40 (m, 2 H), 2.43 (m, 2 H), 
2.13 (dd, 1 H, J = 2.7, 13.9 Hz), 2.00 (m, 2 H), 1.89 (d, 1 H, J = 
13.9 Hz), 1.73 (m, 1 H), 1.51 (m, 3 H); IR (KBr) 3480, 1730 cm-'; 
mass spectrum, m / e  (relative intensity) 284 (M', 21, 255 (2), 127 
(40), 99 (loo), 55 (18); mass spectrum calcd for Cl4OzOO6 m / e  
284.1259, found m / e  284.1259. I t  also afforded 120 mg (52%) 
of 13: 'H NMR (250 MHz, CDC1,) 6 5.94 (m, 1 H), 5.85 (m, 1 H), 
4.09 (broadened s, 1 H), 3.91 (m, 4 H), 3.63 (s, 3 H), 2.52 (m, 1 
H), 2.02-2.22 (m, 3 H), 1.51-1.91 (m, 6 H), 1.94 (d, 1 H, J = 13.6 
Hz); IR (CCI4) 3420, 1730 cm-'; mass spectrum, m l e  (relative 
intensity) 268 (M+, 5), 198 (36), 167 (23), 147 (14), 99 (1001, 77 
(ll), 55 (20); mass spectrum calcd for C14H2005 mle  268.1310, 
found m / e  268.1324. When the reaction was carried out in the 
presence of pyridine, an 88% yield of 13 was obtained. 

( 18,28,4aj3,8aa)- 1,2,4a,5,6,7,8,8a-Octahydr0-8aj3-carbo- 
methoxy-7,7-ethylenedioxy-la,2a-epoxy-3(4H ) -oxo- 
naphthalene (15). A 10% sodium hydroxide solution (250 pL) 
was added via a syringe to a solution of enone 9 (300 mg, 1.13 
mmol) in 7 mL of methanol containing 30% hydrogen peroxide 
(640 pL, 6.26 mmol) a t  0 "C, and stirring was continued for 1 h 
at  0 "C. The reaction mixture was diluted with 100 mL of 
methylene chloride. The organic solution was washed with 10 
mL of brine and concentrated in vacuo to afford an oil. Chro- 
matography on silica gel G (l:lO), eluting with ether-hexane 
solutions, gave 230 mg (72%) of 15 as an oil. Trituration with 
ether-hexanes afforded 184 mg (58%) of 15: mp 117-118.5 "C; 
'H NMR (CDCl,) 6 3.93 (m, 4 H), 3.72 (s, 3 H), 3.57 (d, 1 H, J 
= 4 Hz), 3.29 (d, 1 H, J = 4 Hz), 2.06 (m, 9 H); IR (KBr) 1740, 
1720 cm-'; mass spectrum, m / e  (relative intensity) 282 (M+, 11, 
223 (7), 99 (loo), 55 (10); calcd for CI4Hl8O6 mle  282.1103, found 
m / e  282.1104. 
(3@,4a@,8aa)-3,4,4a,5,6,7,8,8a-Octahydr0-3~~-( benzoyloxy)- 

8a~-carbomethoxy-7,7-ethylenedioxynaphthalene (18). Di- 
ethyl azodicarboxylate (1.2 g, 6.89 mmol) in dry THF (5 mL) was 
added dropwise over a 0.3-h period to a solution of alcohol 11 (1.2 
g, 4.48 mmol), triphenylphosphine (1.8 g, 6.86 mmol), and benzoic 
acid (820 mg, 6.71 mmol) in 25 mL of dry THF at room tem- 
perature under nitrogen. The reaction mixture was stirred for 
an additional 2.5 h and then diluted with 125 mL of ethyl acetate. 
The organic solution was washed with two 25-mL portions of a 
saturated NaHCO, solution and two 25 mL portions of brine, dried 
(NaZSO4), and concentrated in vacuo to afford an oil. Chroma- 
tography on silica gel G (l:lO), eluting with ether-hexane solutions, 
gave an oil. Trituration with ether yielded 1.2 g (72%) of 18: mp 
141-143 "C; 'H NMR (CDCl,) 6 8.12 (m, 2 H), 7.50 (m, 3 H), 5.93 
(broadened s, 2 H), 5.52 (m, 1 H), 3.93 (m, 4 H), 3.69 (s, 3 H), 
1.32-2.84 (m, 9 H); IR (KBr) 1690 (br) cm-'; mass spectrum, mle  
(relative intensity) 372 (M', lo), 313 (ll), 267 (41), 250 (14), 191 
(30), 105 (48), 99 (loo), 77 (19); mass spectrum calcd for C21H2406 
m / e  312.1572, found m l e  372.1572. 

(3P,4aP,8a~u)-3,4,4a,5,6,7,8,8a-Octahydro-8aP-carbometh- 
oxy-7,7-ethylenedioxy-3au-hydroxynaphthalene (19). Sodium 
methoxide (202 mg, 3.74 mmol) was added to a soluiton of diester 
18 (1.16 g, 3.12 mmol) in 20 mL of dry methanol, and the reaction 
mixture was heated to 50 "C for 3 h under nitrogen. The reaction 
mixture was cooled, diluted with ethyl acetate (150 mL), washed 
with two 20-mL portions of brine, dried (Na,SO,), and concen- 
trated in vacuo to afford an oil. Chromatography on silica gel 
G ( l : l O ) ,  eluting with ether-hexane solutions, gave 800 mg (96%) 
of 19: 'H NMR (250 MHz, CDCI,) 6 5.83 (dd, 1 H, J = 4,9.7 Hz), 
5.73 (d, 1 H,  J = 9.7 Hz); 4.22 (m, 2 H, C-3H and OH), 3.91 (m, 
4 H), 3.63 (s, 3 H), 2.59 (dd, 1 H, J = 5, 14 Hz), 2.47 (m, 1 H), 
1.32-2.34 (m), 1.44 (d, J = 13 Hz) [7 HI; IR (CCl,) 3370,1740 cm-'; 
mass spectrum, mle (relative intensity) 268 (M', 8), 209 (22), 149 
(20), 99 (loo), 86 (26), 71 ( l l) ,  57 (16); mass qpectrum calcd for 

125-128 "C; 'H NMR (250 MHz, CDCI,) 6 4.14 (dd, 1 H, J =  5.6, 
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C14H2005 m l e  268.1310, found m l e  268.1322. 
(3a,4aB,8aa)-3,4,4a,5,6,7,8,8a-Octahydro-8a8-carbometh- 

oxy-7,7-ethylenedioxy-3B-( ( 0  - n i t r o p h e n y l ) s e l e n o ) -  
naphthalene (20). Tri-n-butylphosphine (814 pL, 3.27 mmol) 
was added via a syringe to a solution of the 3a-alcohol 19 (730 
mg, 2.72 mmol) and o-nitrophenyl selenocyanate (742 mg, 3.27 
mmol) in 8 mL of dry THF over a 5-min period a t  room tem- 
perature under nitrogen. The reaction mixture was stirred for 
3 h and then concentrated in vacuo to afford a solid. Trituration 
with ether-hexanes (1:l) gave 1.1 g (92%) of 2 0  (44), mp 220-223 
OC; 'H NMR (300 MHz, CDC1,) 6 8.25 (broadened d, 1 H,  J = 
8.0 Hz), 7.60 (d, 1 H, J = 8.0 Hz), 7.47 (m, 1 H), 7.29 (m, 1 H), 
5.88 (dd, 1 H, J = 1.8, 9.7 Hz), 5.65 (dd, 1 H, J = 1.8, 9.7 Hz), 
4.13 (m, 1 H, C-3H), 4.92 (m, 4 H), 3.66 (s, 3 H), 2.54 (m, 2 H), 
2.15 (m, 2 H), 1.57 (m, 4 H), 1.39 (d, 1 H, J = 13.2 Hz); IR (KBr) 
1720 cm-'; mass spectrum, mle  (relative intensity) 453 (M'), 404 
(6), 251 (44), 191 (54), 147 (45), 99 (loo), 78 (35); mass spectrum 
calcd for C&nNOsSe (M - 202 = loss of N02PhSe) mle 251.1283, 
found m l e  251.1280. 

( la,4aP,8aa)- 1,4,4a,5,6,7,8,8a-Octahydro-8a~-carbometh- 
oxy-7,7-ethylenedioxy-l@-hydroxynaphthalene (17). A 30% 
hydrogen peroxide solution (1.60 mL, 15.7 mmol) was added 
dropwise via a syringe to a solution of the 3P-selenide 20 (200 mg, 
0.44 mmol) and pyridine (2 mL) in 50 mL of dry methylene 
chloride a t  10 "C over a 5-min period. The reaction mixture was 
stirred at 10 "C for 10 h and then quenched with 5 mL of a 
saturated NH4Cl solution. Methylene chloride (100 mL) was 
added to the reaction mixture, and the resulting organic solution 
was washed with 15 mL of brine, dried (Na2S04), and concentrated 
in vacuo to afford a residue. Chromatography on silica gel G (1:30), 
eluting with ether-hexane solutions, afforded 80 mg (68%) of 17: 
'H NMR (250 MHz), CDC1,) 6 5.62 (m, 2 H), 3.93 (m, 6 H), 3.70 
(9, 3 H), 2.71 (dd, 1 H, J = 2.6, 13.8 Hz), 2.31 (m, 1 H), 2.08 (m, 
2 H), 1.71 (m, 4 H), 1.48 (d, 1 H, J = 13.8 Hz); IR (CC14) 3470, 
1700 cm-'; mass spectrum, m / e  (relative intensity) 268 (M', 31, 
250 (6), 236 (5), 198 (21), 99 (loo), 55 (16); mass spectrum calcd 
for C14H2005 m l e  268.1310, found m / e  268.1329. 

(la,4a@,8aa)- 1,4,4a,5,6,7,8,8a-Octahydro-8a@-carbometh- 
oxy-7,7-ethylenedioxy-l~-hydroxynaphthalene ( 17). Sodium 
borohydride (18 mg, 0.476 mmol) was added in small portions 
to a solution of enone 16 (30 mg, 0.113 mmol) and cerium(II1) 
chloride heptahydrate (44 mg, 0.118 mmol) in 2 mL of methanol 
at room temperature. The reaction mixture was stirred at room 
temperature for 3 h and then diluted with ethyl acetate (50 mL). 
The organic solution was washed with two 5-mL portions of brine, 
dried (Na2S04), and concentrated in vacuo to give an oil. 
Chromatography on a silica gel G Sep-Pak, eluting with 10 mL 
of methylene chloride, afforded 20 mg (67%) of 17: 'H NMR (250 
MHz, CDC1,) 6 5.62 (m, 2 H), 3.93 (m, 6 H), 3.70 (s, 3 H), 2.71 
(dd, 1 H, J = 2.6, 13.8 Hz), 2.31 (m, 1 H), 2.08 (m, 2 H), 1.71 (m, 
4 H), 1.48 (d, 1 H, J = 13.8 Hz); IR (CC14) 3470,1700 cm-'; mass 
spectrum, m l e  (relative intensity) 268 (M', l ) ,  250 (31, 236 (3), 
198 (26), 99 (loo), 55 (21); mass spectrum calcd for C14H2004 mle 
268.1310, found m l e  268.1327. 

(4a@,8aa)-4a,5,6,7,8,8a-Hexahydro-8a@-carbomethoxy-7,7- 
ethylenedioxy-l(4H)-oxonaphthlene (16). A solution of alcohol 
13 (35 mg, 0.131 mmol), pyridinium dichromate (147 mg, 0.391 
mmol), and pyridinium trifluoroacetate (20 mg, 0.104 mmol) in 
2 mL of dry methylene chloride was stirred overnight a t  room 
temperature. The reaction mixture was filtered and the residue 
washed with additional methylene chloride. The organic solvent 
was concentrated in vacuo to afford an oil. Chromatography on 
a silica gel G Sep-Pak, eluting with 10 mL of ether-hexane (1:l) 
solution, gave 30 mg (86%) of 16: mp 137-140 "C; 'H NMR 
(CDCl,) 6 7.10 (ddd, 1 H, J = 2, 5, 11 Hz), 6.0 (broadened d, J 
= 11 Hz), 3.96 (m, 4 H), 3.70 (s, 3 H), 1.20-3.16 (m, 9 H); mass 
spectrum, m / e  (relative intensity), 266 (M', 8),  198 (19), 149 (27), 
99 (loo), 68 (35), 57 (39); mass spectrum calcd for C14H1805 m l e  
266.1153, found m l e  266.1161. 

(3a,8aa)- 1,2,3,5,6,7,8,8a-0ctahydro-8a@-carbomethoxy-7,7- 
ethylenedioxy-3@-hydroxynaphthalene (21). Sodium boro- 
hydride (750 mg, 19.8 mmol) was added in small portions to a 
solution of enone 4 (1.20 g, 4.51 mmol) and cerium(II1) chloride 
heptahydrate (1.85 g, 4.97 mmol) in 100 mL of methanol at 0 "C. 
The reaction mixture was stirred a t  0 "C for 1 h and then 
quenched with 25 mL of acetone. The solvent was reduced in 

Zoretic e t  al. 

vacuo, brine (70 mL) was added, and the resulting mixture was 
extracted with four 40-mL portions of ethyl acetate. The organic 
extract was washed with three 20-mL portions of brine, dried 
(Na2S04), and concentrated in vacuo to give an oil. Chroma- 
tography on silica gel G (1:15), eluting with ether-hexanes solu- 
tions, afforded 930 mg (77%) of 21: 'H NMR (250 MHz, CDCl,) 
6 5.64 (broadened s, 1 H), 4.23 (broadened m, 1 H), 3.93 (m, 4 
H), 3.71 (s, 3 H), 2.68 (m, 1 H), 2.50 (dd, 1 H, J = 2.9, 13.5 Hz), 
2.26 (m, 1 H), 2.12 (m, 1 H), 1.96 (m, 1 H), 1.26-1.81 (m), 1.35 
(d, J = 13.5 Hz) [7 HI; IR (CC14) 3450,1740 cm-'; mass spectrum, 
mle (relative intensity) 268 (M', 3), 250 (48), 191 (50), 165 (12), 
147 (19), 123 (19), 99 (28), 87 (loo), 77 (22), 55 (26); mass spectrum 
calcd for Cl4HZ0O6 m l e  268.1310, found m l e  268.1306. 

(3~,8aa)-1,2,3,5,6,7,8,8a-Octahydro-8a~-carbomethoxy-7,7- 
ethylenedioxy-3a-( (o-nitropheny1)seleno)naphthalene (22). 
Tri-n-butylphosphine (1.40 mL, 5.52 mmol) was added dropwise 
via a syringe to a solution of the 3@-alcohol21 (1.0 g, 3.73 mmol) 
and o-nitrophenyl selenocyanate (1.27 g, 5.60 mmol) in 25 mL 
of dry THF under nitrogen. The reaction mixture was stirred 
for 4 h and then concentrated in vacuo to afford a solid. Chro- 
matography on silica gel G ( l : l O ) ,  eluting with ether-hexane 
solutions, afforded 1.6 g of an oil which solidified on standing. 
Trituration with an ether-hexane solution gave 1.4 g (82%) of 
22: mp 144-147 "C; 'H NMR (360 MHz, CDC1,) 6 8.27 (m, 1 H), 
7.51 (m, 2 H), 7.31 (m, 1 H), 5.80 (d, 1 H, J = 4.1 Hz, collapses 
to s, on irradiation a t  6 4.26), 4.26 (m, 1 H), 3.96 (m, 4 H), 3.71 
(s, 3 H), 2.72 (m, 1 H), 2.57 (dd, 1 H, J = 2.6, 13.5 Hz), 2.33 (m, 
1 H), 1.57-2.08 (m), 1.44 (d, J = 13.5 Hz) [7 HI; IR (KBr) 1715 
cm-'; mass spectrum, mle (relative intensity) 453 (M'), 404 (0.81, 
251 (loo), 191 (53), 147 (53), 105 (22); mass spectrum calcd for 
C2,HZ3NO6Se (M - 202 = loss of N02PhSe) m / e  251.1283, found 
m l e  251.1283. 

(4a@,8a(u)- 1,2,4a,5,6,7,8,8a-0ctahydro-8a~-carbomethoxy- 
7,7-ethylenedioxy-4aa-hydroxynaphthalene (23). An 85% 
hydrazine hydrate solution (75 pL, 2.03 mmol) was added dropwise 
via a syringe to a solution of the a-epoxide 24 (120 mg, 0.43 mmol) 
in 15 mL of dry methanol at 0 "C, and stirring was continued at 
0 "C for 2 h. The reaction mixture bath (0 "C) was replaced by 
a water bath (20 "C), and then glacial acetic acid (4 pL) was added 
via a syringe. The reaction was stirred for 3 h and then diluted 
with 100 mL of ethyl acetate. The organic solution was washed 
with brine (10 mL), dried (Na2S04), and concentrated in vacuo 
to afford an oil. Chromatography on silica gel G (1:20), eluting 
with ether-hexane solutions, gave 80 mg (70%) of 23 as an oil. 
Trituration with an ether-hexane solution yielded 26 mg (23%) 
of 23: mp 139-141 "C; 'H NMR (360 MHz, CDCl,) 6 5.91 (d, 1 
H, J = 9.9 Hz), 5.70 (m, 1 H), 3.90 (m, 4 H), 3.65 (s, 3 H), 2.57 
(dt, 1 H, J = 5,14 Hz), 1.56-2.12 (m, 10 H); IR (KBr) 3470,1730 
cm-'; mass spectrum, m / e  (relative intensity) 268 (M', 0.4), 250 
(2), 236 (8),209 (3) 99 (loo), 86 (34), 55 (12); mass spectrum calcd 
for Cl4HZ0O5 nile 268.1310, found m l e  268.1316. 

(4a@,8aa)- 1,2,4a,5,6,7,8,8a-0ctahydro-8a@-carbomethoxy- 
7,7-ethylenedioxy-4aa-hydroxynaphthalene (23). A 30% 
hydrogen peroxide solution (1.0 mL, 9.79 mmol) was added via 
a syringe to a solution of the 3a-selenide 22 (200 mg, 0.44 mmol) 
in 8 mL of dry THF-pyridine (3:l) a t  -40 "C. The reaction 
mixture was stirred at -40 "C for 3 h. Saturated NH4Cl (10 mL) 
was added a t  -40 "C, and the reaction mixture was diluted with 
100 mL of ethyl acetate. The organic layer was washed with 
saturated NaHC03 (15 mL) and brine (15 mL), dried (Na2S04), 
and concentrated in vacuo to give an oil. Chromatography on 
silica gel G (1:25), eluting with ether-hexane solutions, gave a solid. 
Trituration with an ether-hexane solution gave 75 mg (64%) of 
23: mp 140.5-141.5 O C ;  'H NMR (360 MHz, CDCl,) 6 5.91 (d, 1 
H, J = 9.9 Hz), 5.70 (m, 1 H), 3.90 (m, 4 H), 3.65 (s, 3 H), 2.57 
(dt, 1 H, J = 5,14 Hz), 1.57-2.12 (m, 10 H); IR (KBr) 3460,1730 
cm-'; mass spectrum calcd for CI4HmO5 mle  268.1310, found m / e  
268.1324. 

(4j3,4aj3,8aa)- 1,4,4a,5,6,7,8,8a-Octahydro-8a@-carbometh- 
oxy-7,7-ethylenedioxy-4a,4aa-epoxy-3( 2H)-oxonaphthalene 
(24). A 10% sodium hydroxide solution (600 pL) was added via 
a syringe to a solution of octalone 3 (300 mg, 1.13 mol) in 10 mL 
of methanol containing 30% hydrogen peroxide (1.28 mL, 12.5 
mmol) a t  0 "C, and stirring was continued for 6 h a t  0 "C. The 
reaction mixture was diluted with 100 mL of ethyl acetate, washed 
with two 20-mL portions of brine, dried (Na2SO4), and concen- 
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trated in vacuo to give 250 mg of an oil. Trituration with an ethyl 
acetatehexane solution afforded 161 mg (51%) of 24 mp 156-159 
"C; 'H NMR (250 MHz, CDC1,) 6 3.98 (m, 4 H), 3.72 (s,3 H), 3.34 
(8,  1 H), 2.67 (dt, 1 H, J = 5.1, 14.2 Hz) 2.53 (dd, 1 H, J = 2.8, 
13.6 Hz), 2.35 (m, 1 H), 2.02 (m, 3 H), 1.76 (m), 1.70 (d, J = 13.6 
Hz) [4 HI, 1.37 (m, 1 H); IR (KBr) 1720 cm-'; mass specttum, 
mle  (relative intensity), 282 (M', 43), 253 (29), 223 (79), 195 (12), 
167 ( E ) ,  149 (16), 99 (loo), 86 (42), 55 (17); mass spectrum calcd 
for C14H1806 m l e  282.1102, found m l e  282.1103. 
(3~,8aa)-1,2,3,5,6,7,8,8a-Octahydro-3a-(benzoyloxy)-8a~- 

carbomethoxy-7,7-ethylenedioxynaphthalene (25). Diethyl 
azodicarboxylate (439 mg, 2.52 mmol) in 5 mL of dry THF was 
added dropwise over a 0.25-h period to a solution of alcohol 21 
(450 mg, 1.68 mmol), triphenylphosphine (661 mg, 2.52 mmol), 
and benzoic acid (307 mg, 2.51 mmol) in 10 mL of dry THF at  
room temperature under nitrogen. The reaction mixture was 
stirred for an additional 4 h and then diluted with 80 mL of ethyl 
acetate. The organic solution was washed with two 15-mL portions 
of saturated NaHC03 solution, dried (Na2S04), and concentrated 
in vacuo to afford an oil. Chromatography on silica gel G ( L E ) ,  
eluting with ether-hexane solutions, gave 600 mg (96%) of 25: 
'H NMR (CDCl,) 6 8.10 (m, 2 H), 7.53 (m, 3 H), 5.83 (apparent 
dd, 1 H, J = 2, 5 Hz), 5.41 (m, 1 H), 3.94 (m, 4 H), 3.70 (s, 3 H), 
1.12-2.77 (m, 10 H); IR (CC14) 1720 (br) cm-'; mass spectrum, mle 
(relative intensity) 372 (M'), 250 (38), 191 (32), 147 (27), 122 (58), 
105 (loo), 77 (72); mass spectrum calcd for C21H,06 mle 372.1572, 
found mle  372.1572. 
(3~,8a~)-1,2,3,5,6,7,8,8a-Octahydro-8a~-carbomethoxy-7,7- 

ethylenedioxy-3a- hydroxynaphthalene (26). Sodium meth- 
oxide (105 mg, 1.94 mmol) was added to a solution of diester 25 
(600 mg, 1.61 mmol) in 10 mL of dry methanol, and the reaction 
mixture was heated to 50 "C under nitrogen for 3.5 h. The reaction 
mixture was cooled, diluted with ethyl acetate (100 mL), washed 
with three, 15-mL portions of brine, dried (Na2S04), and con- 
centrated in vacuo to afford an oil. Chromatography on silica 
gel G ( l : l O ) ,  eluting with ether-hexane solutions, gave 310 mg 
(72%) of 26: 'H NMR (360 MHz, CDC13) 6 5.77 (apparent d, 1 
H, J = 3.6 Hz), 4.19 (broadened s, 1 H), 3.96 (m, 4 H), 3.69 (s, 
3 H), 2.72 (m), 2.54 (m), 2.31 (m), 1.95 (m) [4 HI, 1.21-1.82 (m, 
7 H); IR (CClJ 3420, 1730 cm-'; mass spectrum, mle  (relative 
intensity) 268 (M+, 2), 250 (34), 191 (35), 147 (33), 129 (30), 117 
(19), 105 (49), 87 (loo), 84 (72), 77 (21); mass spectrum calcd for 
Cl4HZ0O5 m l e  268.1310, found m l e  268.1322. 
(3a,8ao!)-1,2,3,5,6,7,8,8a-0ctahydro-8a~-carbomethoxy-7,7- 

ethylenedioxy-3&((0 -nitrophenyl)seleno)naphthalene (27). 
Tri-n-butylphosphine (349 pL, 1.40 mmol) was added via a syringe 
to a solution of the 3a-alcohol 26 (250 mg, 0.93 mmol) and o- 
nitrophenyl selenocyante (300 mg, 1.32 "01) in 8 mL of dry THF 
over a 5 min period under nitrogen at  room temperature with 
stirring. Stirring was continued for 2.5 h and the solvent con- 
centrated in vacuo to afford an oil. Chromatography on silica 
gel G @lo),  eluting with ether-hexane solutions, gave 320 mg 
(76%) of solid 27. Trituration with an ether-hexane solution gave 
175 mg (42%) of 27: mp 166-168 "C; 'H NMR (300 MHz, CDC13) 
6 8.26 (dd, 1 H, J = 3.0, 9.0 Hz), 7.69 (d, J = 9.0 Hz), 7.52 (m, 
1 H), 7.31 (m, 1 H), 5.81 (broadened s, 1 H), 4.07 (m), 3.96 (m) 
[ 5  HI, 3.71 ( 8 ,  3 H), 2.74 (m, 1 H),  2.53 (apparent dd, 1 H), 2.25 
(m, 2 H), 2.13 (m, 1 H), 1.51-1.82 (m, 4 H), 1.43 (d, 1 H, J = 12 
Hz); IR (KBr) 1720 cm-'; mass spectrum, mle (relative intensity) 
453 (M'), 404 (l), 251 (loo), 192 (68), 105 (48), 99 (21), 87 (71); 
mass spectrum calcd for C2,H2,NO6Se (M - 202 = loss of 
N02PhSe) mle  251.1283, found mle  251.1283. 

(4aa,Saa)- 1,2,4a,5,6,7,8,8a-0ctahydro-8a~-carbomethoxy- 
7,7-ethylenedioxy-4a@-hydroxynaphthalene (28). An 85% 
hydrazine hydrate solution (75 pL, 2.03 "01) was added dropwise 
via a syringe to a solution of the @-epoxide 30 (120 mg, 0.43 mmol) 
in 15 mL of dry methanol a t  0 "C, and stirring was continued at 
0 "C for 2 h. The reaction mixture bath (0 "C) was replaced by 
a water bath (20 "C), and acetic acid (10 pL) was added via a 
syringe. The reaction mixture was stirred for 1 h and then diluted 
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with 100 mL of ethyl acetate. The organic solution was washed 
with two IO-mL portions of brine, dried (Na2S04), and concen- 
trated in vacuo to afford an oil. Chromatography on silica gel 
G (1:20), eluting with ether-hexane solutions, gave 50 mg (44%) 
of 28: 'H NMR (360 MHz), CDC13) 6 5.78 (m, 1 H), 5.56 (d, 1 
H, J = 10 Hz), 4.61 (s, 1 H), 3.89 (m, 4 H), 3.72 (s, 3 H), 1.48-2.30 
(m, 10 H); IR (CC14) 3500,1725 cm-'; mass spectrum, mle (relative 
intensity) 268 (M+, l), 250 (4), 154 (19), 99 (loo), 55 (18); mass 
spectrum calcd for C14Hm05 mle  268.1310, found mle  268.1922. 

(3a,4a,4aa,Saa)- 1,2,3,4,4a,5,6,7,8,8a-Decahydro-8aB-cdrbo- 
met  hoxy-7,7-ethylenedioxy-3j3-hyroxy-4~,4a~-epoxy- 
naphthalene (29). An 80% m-chloroperoxybenzoic acid solution 
(410 mg, 1.90 "01) in 6 mL of dry methylene chloride was added 
to a solution of the 3P-alcohol 21 (340 mg, 1.27 mmol) in 4 mL 
of dry methylene chloride at  0 OC under nitrogen. The reaction 
mixture was stirred at  0 "C for 4 h and then diluted with 100 mL 
of ethyl acetate. The organic solution was washed with two 10-mL 
portions of 10% NaOH, dried (Na804), and concentrated in vacuo 
to give 300 mg (83%) of 29: 'H NMR (CDCl,) 6 3.82-4.29 (m), 
3.78 (8 )  [9 HI, 3.18 (d, 1 H, J = 5 Hz); mass spectrum, mle (relative 
intensity) 284 (M', 0.2), 255 (8), 225 (20), 99 (loo), 84 (2), 55 (30); 
mass spectrum calcd for Cl4HZ0o6 mle  284.1259, found m l e  
284.1271. 

(4a~,8aa)-1,2,4a,5,6,7,8,8a-Octahydro-8a@-carbomethoxy- 
7,7-ethylenedioxy-4a@-hydroxynaphthalene (28). A 30% 
hydrogen peroxide solution (220 pL, 2.15 mmol) was added via 
a syringe to a solution of the 3@-selenide 27 (164 mg, 0.362 mmol) 
in 12 mL of THF-pyridine (3:l) a t  -20 "C. The reaction mixture 
was stirred at  -20 OC for 4 h and then diluted with 100 mL of 
ethyl acetate. The organic solution was washed with two 10-mL 
portions of brine, dried (Na2S04), and concentrated in vacuo to 
afford an oil. Chromatography on silica gel G (1:20), eluting with 
ether-hexane solutions, afforded 50 mg (52%) of 28: 'H NMR 
(360 MHz, CDC13) 6 5.77 (m, 1 H), 5.56 (d, 1 H, J = 10 Hz), 4.61 
(s, 1 H), 3.91 (m, 4 H), 3.72 (s, 3 H), 1.49-2.33 (m, 10 H); IR (CC14) 
3500 and 1725 cm-'; mass spectrum, mle  (relative intensity) 268 
(M+, 2), 250 (16), 154 (21), 99 (loo), 55 (16); mass spectrum calcd 
for C14H20O5 mle  268.1310, found mle  268.1324. 

(4a,4aa,Saa)- 1,4,4a,5,6,7,8,8a-Octahydr0-8a@-carbometh- 
oxy-7,7-ethylenedioxy-4~,4a~-epoxy-3(2H)-oxonaphthalene 
(30). A solution of the P-epoxyalcohol29 (300 mg, 1.06 mmol), 
pyridinium dichromate (1.2 g, 3.19 mmol), and pyridinium tri- 
fluoroacetate (164 mg, 0.85 mmol) in 8 mL of dry methylene 
chloride was stirred at  room temperature overnight. The reaction 
mixture was filtered and the residue washed with additional 
methylene chloride. The organic solvent was concentrated in 
vacuo to afford an oil. Chromatography on silica gel G ( l : l O ) ,  
eluting with an ether-hexane solution (l:l), gave 230 mg (77%) 
of 30 as an oil. Trituration with an ethel-hexane solution afforded 
160 mg (54%) of 30 mp 136-138 "C; 'H NMR (250 MHz, CDCl,) 
6 3.98 (m, 4 H), 3.79 (s, 3 H), 3.00 (s, 1 H), 2.82 (dt, 1 H, J = 4.9, 
13.6 Hz), 2.46 (m, 2 H), 2.20 (m, 2 H), 1.84 (m), 1.74 (d, J = 13.5 
Hz) [4 HI, 1.29 (m, 1 H); IR (KBr) 1690 (br) cm-'; mass spectrum, 
mle  (relative intensity) 282 (M', 3), 223 (23), 99 (loo), 55 (32); 
mass spectrum calcd for Cl4Hl8O6 m / e  282.1102, found mle  
282.1 102. 
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