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A novel chiral synthesis of the CD-ring 2 of la,25-dihydroxyvitamin D3 (la) is described. The 
optically active D-ring keto ester 3c was prepared by reductive cleavage of 6-oxonorbornane-2- 
carboxylate 4c with lithium naphthalenide. 1,2-Transposition of enone 15, which was obtained by 
Robinson annulation of 14, was accomplished via thermolysis of the allylic carbonate 29 at 100 OC 
to give enone 16. Reduction of ketone 16 with Na.EiH4-CeCls followed by hydrogenation with RhCl- 
(PPh3)3 catalyst gave tram-indanol32, which was transformed to intermediate 2. 

Introduction 

Cyclopentanoids which have vicinal asymmetric carbon 
centers on both their cyclopentane rings and side chains 
are ubiquitous in natural terpenoids and steroids.' Several 
methods have been reported to introduce these asymmetric 
carbon ~ e n t e r s . ~ ~ ~ ~  Norbornanones are known to be useful 
precursors for cyclopentanoids: but very little is known 
about the reductive cleavage of norbornanones to afford 
cycl~pentanoids.~ In our studies on the synthesis of the 
hormonally active form of vitamin D3 (lb) and ita 
analogues? we focused our attention on the reductive 
cleavage of norbornanones which are accessible from 
asymmetric Diels-Alder adducts. Thus, desired stere- 
ochemistries for the cyclopentanoids are fixed during the 
construction of the bicyclic systems. By selective cleavage 
of the remainder of the ring, the formation of the side 
chain is controlled, thus providing a promising method 
for controlling the stereochemistry of both cyclopentanone 
rings and the side chains. In this paper, we report a new 
synthetic method for the preparation of the la,25- 
dihydroxyvitamin D3 CD-ring synthon 2 based on this 
reductive cleavage strategy for cyclopentanoids. 
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Results and Discussion 

Synthesis of 2,3-DisubstitutedCyclopentanones by 
Reductive Cleavage of 6-Oxonorbornane-2-carbox- 
ylates. We have chosen oxonorbornanecarboxylates 4 a~ 
the bicyclic compounds which were transformed to cy- 
clopentanones 3 by reductive cleavage. Reduction of 4a 
was carried out with an excess lithium in liquid ammonia 
to give 3a in 80% yield. It should be noted that the 
norbornanone 5 is considered to be a masked form of 
3-substituted cyclopent-2-en-1-olate 7. Since it is difficult 
to form the enolate of 2-norbornanones at the bridge head, 
formation of the enolate from 5 is site selective, which 
generates a synthetically equivalent enolate 7. On the 
other hand, selective formation of the enolate 7 from the 
corresponding cyclopentanone 6 is difficult (Scheme 11). 
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in 71 % yield as one diastereomer, and whose stereochem- 
istry was determined by 'H NMR analysis. The signal 
showing the methyl group on the a-position appeared at 
8 0.97 as a singlet! which indicates that the allyl group 
was introduced from the less hindered convex face of the 
norbornanone 10. 

Synthesis of la,25-Dihydroxyvitamin D3 CD-Ring 
2 from the Cyclopentanone (+)-3c via Robinson 
Annulation and Transposition of the a#-Unsaturated 
Ketone. la,25-Dihydroxyvitamin D3 (la) is known toplay 
an important role in maintaining calcium homeostasis.* 
Recently, this hormone was found to induce cellular 
differentiation of human myeloid leukemia cells.g These 
potent biological activities have prompted a lot of synthetic 
efforts in recent years. Since we are interested in the 
structure-activity relationships of this hormone, asym- 
metric synthetic methods have been investigated in our 
laboratory. The procedure we have developed for the 
synthesis of 2,3-disubstituted cyclopentanones by the 
reductive cleavage of bicyclic compounds is applicable to 
synthesizing the steroid D rings. We have synthesized 
the CD-ring 2, a key intermediate of Lythgoe's vitamin D3 
synthesis,1° from (-1-3c obtained by reductive cleavage of 
the optically active (+)-4c. 

The starting keto carboxylic acid (+)-9 was prepared 
from the optically active norbornene carboxylic acid11 
according to the method reported by Beckmann.l2 Thus, 
iodo lactonization, followed by alkaline dehydroiodation 
and subsequent hydrolysis gave keto carboxylic acid 9 in 
90% yield. The dianion prepared from the keto carboxylic 
acid 9 with LDA (2.4 equiv) was treated with methyl 
iodide,l3 which was followed by esterification with meth- 
anol using a catalytic amount of p-toluenesulfonic acid to 
give (+)-4c in 78% yield from 9. Reductive cleavage of 
keto ester 4c was carried out with an excess lithium in 
liquid ammonia to give cyclopentanone 3c in 54 % yield. 
When ester 4c was treated with lithium naphthalenide at 
-60 OC, the yield of 3c increased to 74%. Keto ester 3c 
was reduced to the diol with LiAlHI, which was followed 
by selective oxidation of the secondary alcohol with 
NaBr0214 and protection of the primary alcohol with tert- 
butyldiphenylsilyl chloride to give ketone 14 in 74% yield 
from 3c. Steroid CD-ring 15 was synthesized by Robinson 
annulation of cyclopentanone 14.2C-gJ5 Ketone 14 was 
treated with freshly distilled methyl vinyl ketone and 
sodium hydroxide followed by dehydration to give inde- 
none 15 in 60 % yield, and the unreacted cyclopentanone 
14 was recovered in 19% yield. 
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Pd(OAc)Z, PPhn, THF, 60 "C, 65%; (c) (1) Jones reagent, acetone, 
0 "C; (2) MeOH, HzS04, reflux, 70% for the two steps; (d) Li, NH3, 
-78 "C, 71 %. 
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(a) (1) LDA (2.4 equiv), MeI, THF, -20 "C, (2) MeOH,p-TsOH, 
reflux, 78% overall; (b) Li, naphthalene, THF, -60 "C, 74%, (c) (1) 
LiAlHI, EtzO, 0 O C ,  loo%, (2) NaBrOz, HzO-AcOH, rt, 7696, (3) 
TBDPSCI, imidazole,DMF, rt, 98% ; (d) methyl vinyl ketone, NaOH, 
MeOH, r t  to reflux, 60%. 

In addition to the site selectivities, carbon-carbon bond 
formation at the a-position of the cyclopentanone is also 
expected to proceed stereoselectively. As an application, 
a known intermediate of the steroid D-ring 3b6 was 
synthesized (Scheme 111). Reduction of the carboxylic 
acid 9 with LiAlH4 in ether at room temperature, followed 
by protection of the primary alcohol with tert-butyldim- 
ethylsilyl chloride using imidazole in DMF, and subsequent 
oxidation of the secondary alcohol with PDC gave the 
ketone 10 in 78% yield from 9 (Scheme IV). The ketone 
10 was transformed to ita enolate with LDA and allowed 
to react with methyl iodide to give 11 in 81% yield. 
Allylation of 11 to 13 with allyl bromide using LDA as a 
base did not proceed; therefore the palladium-catalyzed 
decarboxylative allylation method was adopted.' Enolate 
formation from 11 with LDA followed by reaction with 
allyl chloroformate gave keto ester 12 in 60% yield. 
Reaction of 12 in the presence of a catalytic amount of 
Pd(0Ac)z-PPha in THF at  reflux temperature gave the 
a-allyl ketone 13 in 65 % yield, which was then converted 
to the keto ester 4b by Jones oxidation and Fischer 
esterification with methanol in 70 % yield. Reductive 
cleavage of keto ester 4b with an excess lithium in liquid 
ammonia afforded the 2-allyl-2-methylcyclopentanone 3b 
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(a) 6 N NaOH, 30% H202, MeOH, 0 OC, 84%; (b) KOH, MeOH, 
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DMAP, 0 OC, 92%. 

In order to transform 15 to Grundmann ketone 2, 1,2- 
transposition of the carbonyl group and hydrogenation of 
the olefin to the trans-fused indanone were necessary.16 
Recently, Okamura reported the stereoselective hydro- 
genation of an indenone similar to 16 via the a-hydroxy 
allylic alcohol using RhCl(PPh& ~ a t a l y s t . l ~ ~ J ~  Prior to 
the synthesis of 16 from 15, the 1,2-enone transposition 
was investigated using the octalone 17. Reaction of enone 
17 (Scheme V) with hydrogen peroxide in alkaline meth- 
anol solution gave epoxide 18 in 84% yield. Epoxide 18 
was then treated with methanol in the presence of 
potassium hydroxide at  reflux temperature to give methoxy 
enone 19 in 53% yield. This methoxy enone upon 
reduction with NaBH4-CeCl3 followed by methoxycar- 
bonylation with methyl chloroformate gave allylic car- 
bonate 20 in 77% yield from 19. At first, we tried the 
demethoxycarboxylation of 20 using a palladium catalyst.ls 
However, satisfactory results were not obtained. Fortu- 
nately we then found out that the thermal demethoxy- 
carboxylation proceeds with high selectivity. Thus, 
reaction of carbonate 20 in DMSO at 100 "C for 12 h gave 
the desired enone 21 in 96% yield. 

The regioselectivity of thermal reaction is dependent 
on the temperature as evidenced by the predominant 
formation of the regioisomer 22 at 150 OC. The difference 
in the regioselectivity can be explained as follows. The 
thermal reaction at  100 OC proceeds via the stable allylic 
cation 23 formed by elimination of the (methoxycarbony1)- 
oxy leaving group. However, it is possible that at  150 "C 
the thermal pericyclic retro-ene-type reaction of the 
carbonate 20 takes place predominantly by migration of 
the vicinal hydrogen. 

1,2-Transposition of enone 15 to 16 was carried out by 
a procedure similar to that described for octalone 17. 
However, unlike octalone 17, enone 15 could not be 
epoxidized with alkaline hydrogen peroxide. An alter- 
native route to the epoxy ketone was therefore employed. 
Ketone 15 was reduced with NaBH4 in the presence of 
CeCl3 to give an 85 % yield of allylic alcohol 24, which was 

(16) (a) Lythgoe, B.; Roberts, D. A.; Waterhouse, I. J. Chem. Soc., 
Perkin Trans. 1 1977,2608. (b) Baggiolini, E. G.; Iacobelli, J. A,; Hennessy, 
B. M.;Uskokovic,M. R. J. Am. Chem. SOC. 1982,104,2945. (c) Desmaele, 
D.; Ficini, J.; Guingant, A.; Touzin, A. M. Tetrahedron Lett. 1983, 24, 
3083. (d) Daniewski, A. R.; Kiegiel, J. J. Org. Chem. 1988,53, 5534. (e) 
Mandai, T.; Matsumoto, T.; Kawada, M.; Tsuji, J. J. Org. Chem. 1992, 
57,1326. (0 Fernandez, B.; Martinez Perez, J. A.; Granja, J. R.; Mourifio, 
A. J .  Org. Chem. 1992,57, 3173. 
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(18) Takahashi, T.; Nakagawa, N.; Minoshima, T.; Yamada, H.; Tsuji, 

J. Tetrahedron Lett. 1990,31, 4333. 

Scheme VIP 
a 6 0 r P S  d O T B D P S  C 

- - - 16 - 
: H  

0' 31 0' 3 2  

J H 3 3  

1 

@- C02Et 

- 
OH 

f l  - 2  

Y- OH 

30 3 9  

a (a) NaBH4, CeC13, EtOH, -78 OC, 85%; (b) RhCl(PPh3)3, H2, 
CH2C12, rt, 80% (c) PDC, CH2C12, rt, 88%; (d) (1) LiAlHd, Et20,O 
"C, 100%, (2) BnBr, KH, THF, 0 OC, 100%; (3) BQNF, THF, rt, 
95%; (e) (1) PDC, CH2C12, rt, 84%; (2) (Et0)2P(=O)CH&OzEt, 
NaH, THF, 0 "C, 89% ; (0 5% Pd-C, Hz, EtOH, rt, 72% ; (8) CH3MgI 
(4 equiv), EtpO, 0 "C, 86%; (h) (1) PDC, CH2C12, rt, 91%, (2) TMS- 
imidazole, CH2C12 rt, 77%. 

epoxidized with tert-butyl hydroperoxide using VO(acac)z 
as catalystlg (Scheme VI). Subsequent Swern oxidationm 
of epoxy alcohol gave 26 in 77% yield from 24. Metha- 
nolysis of keto epoxide 26 gave a 77 % yield of methyl enol 
ether 27, which was reduced with LiAlH4 to give the 
&alcohol 28 selectively in 100 % yield. Methoxycarbon- 
ylation of 28 was carried out by treatment with methyl 
chloroformate and pyridine and thermolysis of the re- 
sulting allylic carbonate 29 a t  100 OC in DMSO gave enone 
30 in 63% yield from 28. The hydroxy group of 30 
deprotected during thermolysis was protected again by 
treatment with tert-butyldiphenylsilyl chloride and im- 
idazole which gave enone 16 in 60% yield. 

Enone 16 was then converted to the Grundmann ketone 
2. Reduction with NaBH4 in the presence of CeC13 gave 
a-alcohol 31 selectively in 85% yield (Scheme VII). 
Catalytic hydrogenation of the allylic alcohol 31 with RhCl- 

~ ~~ 
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(PPh3)3 in CHzClz gave 32 excl~sively,~~ which was 
determined by 'H NMR analysis. The stereochemistry of 
32 was confirmed by oxidation with PDC to ketone 33, 
whose lH NMR spectrum showed the 18-methyl group as 
a singlet at  6 0.60 (versus 6 1.05 for the cis isomer of 33hz1 

Reduction of ketone 33 with LiAlH4 gave the &alcohol 
34, which was then protected as a benzyl ether with benzyl 
bromide and potassium hydride in THF to give 35 from 
33 quantitatively. Elimination of the tert-butyldiphe- 
nylsilyl group with BudNF, followed by oxidation of the 
alcohol with PDC gave the corresponding aldehyde, which 
was subjected to Horner-Emmons reaction with (Et0)zP- 
(0)CH2C02Et and sodium hydride to give unsaturated 
ester 37 in 71 % yield from 35. Hydrogenation of the olefin 
and removal of the benzyl group were carried out simul- 
taneously with palladium on carbon as catalyst. Meth- 
ylation of 38 with 4 equiv of CH3MgI gave the diol 39 in 
62% yield from 37. Finally, oxidation of the secondary 
alcohol with PDC followed by protection of the tertiary 
alcohol with TMS-imidazole gave 21° in 70% yield from 
39, whose lH NMR, 13C NMR, and IR spectral data were 
identical with those of the authentic sample.22 

Nagasawa et al. 

added LiA1H4 (542 mg, 14.3 mmol) at 0 "C, and the mixture was 
stirred for 1 hat  rt. To the reaction mixture was added HzO (0.5 
mL), 15% NaOH (0.5 mL), and H20 (1.5 mL) successively at  0 
OC. The mixture was diluted with ether, MgSO4 was added, and 
the resultant mixture was stirred for 1 h at rt. The resulting 
mixture was filtered and concentrated in vacuo to give the diol 
(400 mg, 90%): 'H NMR 6 4.17 (m, 1 H), 3.75 (br s, 2 H), 2.22 
(br s,1 H), 2.04 (m, 1 H), 1.81 (br d, 1 H), 1.64 (m, 2 H), 1.45 (dd, 
J =  1.4, 10.3 Hz, 1 H), 1.27 (d, J =  10.1 Hz, 1 H), 1.19 (t, J =  6.9 
Hz, 1 H), 0.94 (d, J = 6.6 Hz, 3 H); 13C NMR 6 72.60,60.83,51.57, 
47.03,43.24,38.95,37.24,35.41,20.93; IR (neat) 3274,2949 cm-I. 

A mixture of the diol (400 mg, 2.56 mmol), imidazole (272 mg, 
4.0 mmol), and tert-butyldimethylsilyl chloride (430 mg, 2.86 
mmol) in CHzClz (2 mL) was stirred at  rt for 10min. The reaction 
mixture was quenched with water, and the aqueous layer was 
extracted with ether. The extract was washed with brine, dried 
over MgS04, and concentrated in vacuo. The residue was purified 
byflashchromatographythroughsilicagelwith 5% ethel-hexane 
to give the silyl ether (660 mg, 95%): 'H NMR 6 4.08 (m, 1 H), 
3.88 (dd, J = 2.2,11.3 Hz, 1 H), 3.82 (dd, J = 4.4,11.3 Hz, 1 H), 
2.23 (br 8, 1 H), 2.08 (m, 1 HI, 1.81 (br d, J = 4.8 Hz, 1 H), 1.59 
(m, 2 H), 1.44 (m, 1 H), 1.29-1.24 (m, 2 H), 0.91 (s,9 H), 0.10 (8,  
3 H), 0.09 (8, 3 H); I3C NMR 6 73.13, 62.07, 51.56,47.93, 43.43, 
40.06,37.30,35.67,25.75,20.92,18.23,-5.69;IR (neat) 3422,2950, 
2858,1471 cm-l. 

A mixture of the alcohol (550 mg, 2.0 mmol) and pyridinium 
dichromate (1.53 g, 4.0 mmol) in CH2C12 (15 mL) was stirred for 
1 h at rt. The reaction mixture was filtered through a Florisil 
column, and the filtrate was concentrated in vacuo to give the 
ketone 10 (493 mg, 92%): lH NMR 6 3.50 (dd, J = 6.6,10.2 Hz, 
1 H), 3.39 (dd, J = 6.9, 10.2 Hz, 1 HI, 2.52 (br d, J = 3.3 Hz, 1 
H), 2.20 (br d, J = 2.9 Hz, 1 H), 2.00 (dd, J =  4.8, 17.6 Hz, 1 H), 
1.83-1.72 (m, 3 H), 1.59 (dd, J = 1.4, 10.2 Hz, 1 H), 1.47 (m, 1 
H), 1.09 (d, J = 7.0 Hz, 3 H), 0.84 (8,  9 H), 0.00 (8,  3 H), -0.01 
(s,3H);13C NMR6216.63,64.25,53.56,49.89,45.59,41.40,38.68, 
35.36,25.78,21.58,18.16, -5.62; IR (neat) 2954,2885,1741,1471 
cm-l. Anal. Calcd for C15H2s02Si: C, 67.11; H, 10.52. Found 
C, 66.89; H, 10.52. 
(lS*,3R*,4S*,5S*,6R*)-6-[ [ (tert-Butyldimethylailyl)oxy]- 

methyl]-3,5-dimethylbicyclo[2.2.1 Jheptan-2-one (11). The 
silyl ether 10 (1.8 g, 6.7 mmol) was added to a solution of LDA 
(prepared from n-BuLi 1.6 M in hexane, 4.6 mL, and diisopro- 
pylamine, 1.0 mL) in THF (50 mL) at  0 OC. After the mixture 
was stirred for 5 min, iodomethane (32 mmol, 2 mL) was added. 
The mixture was stirred for 30 min at  0 "C. Water was added 
to the mixture, and the resultant mixture was extracted with 
ether. The extract was washed with brine, dried over MgS04, 
and concentrated in vacuo. The residue was chromatographed 
on silica gel to give 11 (1.54 g, 81%): 'H NMR (60 MHz, ccl4) 
63.41(d,J=7.0Hz,2H),2.50-0.91(m,12H),0.89(s,9H),0.00 
(8,  6 H). 
Allyl (lS*,2RC,4~,5RC,6S*)-5-[[(tert-Butyldimethylei- 

lyl)oxy]methyl]-2,6-dimet hyl-3-oxobicyclo[ 2.2.llheptane-2- 
carboxylate (12). The ketone 11 (1.5 g, 5.3 mmol) was added 
to a solution of LDA (prepared from n-BuLi 1.6 M in hexane, 3.9 
mL, and diisopropylamine, 0.87 mL, 6.3 mmol) in THF (20 mL) 
at 0 OC, and the mixture was stirred for 5 min. The allyl 
chloroformate (1.3 g, 10.6 mmol) was added to the mixture, and 
the resulting mixture was stirred for 30 min. Water was added 
to the mixture, and the resultant mixture was extracted with 
ether. The extract was washed with brine, dried over MgSO,, 
and concentrated in vacuo. The residue was chromatographed 
on silica gel to give the allyl ester 12 (1.1 g, 60%): 'H NMR (60 
MHz, CC&) 6 6.23-5.10 (m, 3 H), 4.60 (d, J = 7.0 Hz, 2 H), 3.70- 
3.30 (m, 2 H), 2.50-0.90 (m, 9 H), 1.15 (e, 3 H), 0.89 (s,9 H), 0.00 
(s, 6 H); IR (neat) 1770, 1750 cm-I. 
(lS*,3SL,4RC,5S*,6R+)-3-Allyl-6-[ [ (tert-Butyldimethyl- 

silyl)oxy]methyl]-3,5-dimethylbicyclo[2.2.l]~p~-2~ne ( 13). 
A mixture of the ester 12 (500 mg, 1.14 mmol), Pd(0Ac)n (24 mg, 
0.11 mmol), and PPh3 (57 mg, 0.22 mmol) in THF (10 mL) was 
heated to reflux for 1 h, and the reaction mixture was concentrated 
in vacuo. The residue was chromatographed on silica gel to give 
the a-allyl ketone 13 (392 mg, 85%): 'H NMR (60 MHz, CCL) 
65.90-4.80(m,3H),3.90-3.20(m,4H),2.50-0.90(m,12H),0.85 
(8 ,  9 H), 0.00 (8, 6 H). 

Conclusion 

The reductive cleavage of 6-oxonorbornane-2-carbox- 
ylates provides a useful method for producing a,@- 
disubstituted cyclopentanones, which is applicable to the 
synthesis of la,25-dihydroxyvitamin Da CD-ring synthon 
2. 

Experimental Section 
General Methods. Optical rotations were measured at 589 

nm in a 1-mL quartz sample cell. 'H NMR spectra were recorded 
in CDC13 at 400 or 100 MHz unless specified otherwise. THF 
was distilled from benzophenone ketyl. CH2CI2 was distilled 
from Pz05. DMSO was distilled from CaH2. TLC was performed 
using Merck silica gel 60F glass plates (Art. 5715,0.25 mm thick). 
Flash chromatography was performed using Wakogel C-300. 
Methyl (1S*,2R*,3S+,4S*)-3-Methyl-6-oxobicyclo[2.2.1]- 

heptane-2-carboxylate (4a). This compound was prepared by 
esterification of (&)-9 in refluxing methanol for 1 h using a 
catalytic amount of H2S04 in 77 % yield (270 mg): lH NMR (60 
MHz, ccI4) 6 3.59 (8 ,  3 H), 2.76-1.06 (m, 8 H), 1.10 (d, J = 7.0 
Hz, 3 H); I3C NMR (22.5 MHz) 6 214.00, 173.27, 54.21, 51.89, 
51.62, 44.78, 41.40, 38.87, 35.67, 21.31; IR (neat) 1740 cm-I. 
(3S*)-3-[ (1R*)-2-(Methoxycarbonyl)-l-methylethyl]cy- 

clopentanone (3a). Lithium turnings (100 mg) were added to 
dry NH3 (distilled from Na, 30 mL). To the mixture was added 
a solution of the keto ester 4a (250 mg, 1.36 mmol) in THF (2 
mL) at -78 "C, the resulting mixture was stirred for 30 min, and 
excess lithium was quenched by the addition of isoprene. To the 
mixture was added saturated NH4C1. The organic layer was 
extracted with ethyl acetate, and the extract was washed with 
brine, dried over MgS04, and concentrated in vacuo. The residue 
was chromatographed on silica gel to give the cyclopentanone 3a 
(200mg,80%);13CNMR(22.5MHz)6218.15, 173.06,51.46,42.93, 
42.68,39.46,38.94,35.39,27.64,18.16; IR (neat) 1780,1730 cm-I; 
MS (CI) 185 (MH+); HRMS calcd for C9H13O2 (M+ - OMe) 
153.0916, found 153.0926. 
(lS*,4S*fiS*,6R*)-6-[ [ (tert-Butyldimethylsilyl)oxy]met h- 

yl]-5-methylbicyclo[2.2.l]heptan-2-one (10). To a solution 
of the carboxylic acid 9 (480 mg, 2.85 mmol) in ether (15 mL) was 

~ ~~ 

(21) Thecia isomerwasobtainedfrom 15, (1) HSCH~CH~SH,BF,.Et,O; 
(2) TBDMSCl, imidazole, (29%, 2 steps); (3) Li-NH,, 58%; (4) BH,- 
MelS, H2O2, 77%; (5) PCC, 53%. Related compounds, see: Paker, K. 
A.; Iqbal, T. J .  Org. Chem. 1982,47,337 and ref 16f. 

(22) Recently an efficient preparative method for the ketone 2 from 
vitamin D i has reported Kiegiel, J.; Wovklich, P. M.; Uskokovic, M. R. 
Tetrahedron Lett. 1991, 32, 6057. 



Stereoselective Synthesis of Cyclopentanones 

Methyl (lS*,2R*,3S*,4R*,5R*)-5-Allyl-3,5-dimethyl-6- 
oxobicyclo[2.2.1]heptane2-carboxylate (4b). Jones oxidation 
reagent (1.4 N, 2 mL, 2.8 mmol) was added slowly to a solution 
of 13 (300 mg, 1.06 mmol) in acetone (20 mL) at 0 "C. The 
reaction mixture was quenched with 2-propanol and diluted with 
water. Acetone was evaporated in vacuo, and the residue was 
extracted with ethyl acetate. The extract was washed with brine, 
dried over MgS04, and concentrated in vacuo. The residue was 
diluted with methanol (30 mL), and a catalytic amount of 
was added to the solution. The mixture was stirred for 1 h at  
reflux. The reaction mixture was quenched with K2C03 and 
concentrated in vacuo. The residue was diluted with water and 
extracted with ethyl acetate. The extract was washed with brine, 
dried over MgSOd, and concentrated in vacuo. The residue was 
chromatographed on silica gel to give the ester 4b (176 mg, 70% ): 
IH NMR (60 MHz, CCL) 6 5.90-4.80 (m, 3 H), 3.65 (s, 3 H), 
2.85-1.60 (m, 8 H), 1.19 (8 ,  3 H), 1.10 (d, J = 6.0 Hz, 3 H); 13C 
NMR (22.5 MHz) 6 218.63, 173.24, 133.37, 118.35,54.58,53.07, 
52.04, 49.62, 40.11, 32.85, 32.59, 21.69, 17.22. 

(2R*,3R*)-2-Allyl-3-[ (lR)-2-(methoxycarbonyl)-l-methyl]- 
3-methylcyclopentanone (3b). By a procedure similar to 4a, 
4b (70 mg, 0.29 mmol) was converted to 3b (50 mg, 71%): IH 
NMR (60 MHz, CC14) 6 5.90-4.80 (m, 3 H), 3.69 (s,3H), 2.61-1.25 
(m, 10 H), 1.07 (d, J = 6.0 Hz, 3 H), 0.97 (s,3 H); I3C NMR (22.5 
MHz) 6 222.78,173.54,134.38,118.52,52,18,51.57,46.12,42.02, 
39.89,37.68,32.14,23.88,19.37,17.92; HRMS calcd for C14H2203 
238.1569, found 238.1591. 

Methyl (lS*,3S,4R,SR)-3,5-Dimet hyl-6oxobicyclo[2.2.1]- 
heptane-2-carboxylate (4c). To a solution of diisopropylamine 
(17.1 mL, 122.3 mmol) in THF (300 mL) was added n-BuLi (1.6 
M in hexane, 73.4 mL, 117.4 mmol) at  -20 "C. The optically 
active carboxylic acid 911912 (8.22 g, 48.9 mmol) in THF (30 ml) 
was added over 20 min while the temperature was maintained 
below 0 'C. The milky white solution was warmed to rt and 
stirred for 30 min. After the mixture was cooled to 0 "C, 
iodomethane (12.2 mL, 196 mmol) was added rapidly to the 
mixture, and the resulting mixture was stirred for 20 min at 0 
O C  and then for 1.5 h at rt. The reaction mixture was quenched 
with ice-cold 3 N HC1, and the aqueous layer was extracted with 
ether. The extract was washed with brine, dried over MgS04, 
filtered, and concentrated in vacuo. The residue (10.7 g) was 
dissolved in methanol (80 mL), and the mixture was stirred for 
2 h at reflux in the presence of a catalytic amount of p-tolue- 
nesulfonic acid. To the reaction mixture was added saturated 
NaHC03, and most of the solvent was removed under reduced 
pressure. The residue was extracted with ether, and the extract 
was washed with brine, dried over MgS04, and concentrated in 
vacuo. The residue was purified by flash chromatography through 
silica gel with 15% ethyl acetate-hexane to give the keto ester 
4c (7.45 g, 78%): [a]24~ = +41° ( c  1.6, CHC1,); 'H NMR 6 3.65 
(s,3 H), 2.73 (m, 1 H), 2.45 (t, J = 4.7 Hz, 1 H), 2.20 (ddq, J = 
1.1, 4.7, 6.9 Hz, 1 H), 2.03 (m, 1 H), 1.95 (qd, J = 2.9, 7.6 Hz, 1 
H), 1.85-1.82 (m, 2 H), 1.18 (d, J = 6.9 Hz, 3 H), 1.08 (d, J = 1.2 
Hz, 3 H); I3C NMR (22.5 MHz) 6 216.28, 173.04, 53.58, 51.35, 
50.83,47.65,47.40,39.64,32.28,20.83,13.62; IR (neat) 1730,1743 
cm-I; MS mlz 196 (M+), 168,165; HRMS(C1) calcd for CllH1703- 
(MH+) 197.1177, found 197.1210. 

(2R,3R)-3-[ (lR)-2-(Methoxycarbonyl)-l-methylethyl]-2- 
methylcyclopentanone (3c). A mixture of naphthalene (12.2 
g, 94.9 mmol) and lithium powder (632 mg, 91.1 mmol) in THF 
(190 mL) were stirred for 1 h at rt. The resulting mixture was 
cooled to -60 "C. The keto ester 4c (7.45 g, 37.95 mmol) in THF 
(10 mL) was added to the solution, and the mixture was stirred 
for 30 min. The reaction mixture was quenched with 3 N HC1, 
and the aqueous layer was extracted with ethyl acetate. The 
extract was washed with brine, dried over MgS04, and concen- 
trated in vacuo. The residue was purified by flash chromatog 
raphy through silica gel with 15% ethyl acetate-hexane to give 
the cyclopentanone 3c (5.55 g, 74%): [(rIz4D = -57" (c 1.4, 

H), 2.14 (ddd, J = 1.0,9.2,17.0 Hz, 1 H), 2.02-1.82 (m, 4 H), 1.64 
(ddt, J = 0.9,6.8,18.0 Hz, 1 H), 1.52 (qd, J = 5.8, 16.6 Hz, 1 H), 
1.28 (dq, J = 9.7, 11.7 Hz, 1 H), 0.90 (d, J = 6.8 Hz, 3 H), 0.85 
(d, J = 6.8 Hz, 3 H); W NMR (22.5 MHz) 6 219.83,172.95,51.08, 
49.11, 46.53, 37.31, 36.67, 31.87, 23.11, 17.80, 13.67; IR (neat) 

CHC1,); 'H NMR 6 3.47 (8,  3 H), 2.24 (dd, J = 4.3, 14.6 Hz, 1 
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1781,1736 cm-l; HRMS (CI) calcd for C11H1903(MH+) 199.1333, 
found 199.1324.' 

(W1,3R)-3-[ (1R)-3-[ (tert-Butyldiphenylsilyl)oxy]- l-meth- 
ylpropyl]-2-methylcyclopentanone (14). To a solution of the 
ketone 3c (232 mg, 1.17 mmol) in ether (8 mL) was added LiAlH4 
(220 mg, 5.85 mmol) at  0 "C. After stirring for 30 min, the reaction 
was quenched by the successive addition of H20 (0.2 mL), 15% 
NaOH (0.2 mL), and H20 (0.6 mL). The mixture was diluted 
with ether (10 mL), and MgS04 was added. The mixture was 
stirred at rt for 1 h. The resulting mixture was filtered and 
concentrated in vacuo to give the diol (200 mg, 100%): IH NMR 
6 3.61 (m, 2 H), 3.52 (m, 1 H), 3.11 (br s, 1 H), 2.94 (br 8, 1 H), 
1.78-1.40 (m, 7 H), 1.24 (m, 2 H), 0.94 (d, J = 6.9 Hz, 3 H), 0.86 
(d, J = 6.6 Hz, 3 H); IR (neat) 3343, 2953 cm-I. 

The diol (Wmg, 0.52 mmol) and NaBrOz (65%, 458 mg, 15.8 
mmol) were dissolved in 5 mL of water-acetic acid ( a l l ,  and 
the mixture was stirred for 7 h at  rt. The reaction mixture was 
quenched with aqueous Na2S203 and extracted with ethyl acetate. 
The extract was washed with brine, dried over MgSO4, and 
concentrated in vacuo. The residue was purified by flash 
chromatography through silicagel with6076 ethylacetate-hexane 
to give the cyclopentanone (68 mg, 76%): [aI2'o = -67" (c 1.4, 
CHC13); 'H NMR 6 3.77 (m, 1 H), 3.66 (m, 1 H), 2.35 (dd, J = 
8.0, 17.8 Hz, 1 HI, 2.11 (d, J = 17.8 Hz, 1 HI, 2.03 (m, 2 HI, 1.93 
(dd, J = 6.6,11.4 Hz, 1 H), 1.83 (m, 1 H), 1.73 (m, 1 H), 1.70 (m, 
1 H), 1.51 (dq, J = 11.4, 10.0 Hz, 1 H), 1.38 (m, 1 H), 1.10 (d, J 
= 6.9 Hz, 3 H), 1.02 (d, J = 6.6 Hz, 3 H); 13C NMR 6 221.54,61.08, 
50.15, 46.79, 37.20, 35.15, 31.03, 23.15, 17.69, 13.88; IR (neat) 
3434, 2926, 1732 cm-'. 

A solution of the cyclopentanone (68 mg, 0.40 mmol), imidazole 
(61 mg, 0.89 mmol), and tert-butyldiphenylsilyl chloride (0.13 
mL, 0.50 mmol) in DMF (0.5 mL) was stirred for 1 h at  rt. The 
mixture was cooled over ice, and water was added to the mixture. 
The mixture was extracted with ether, and the organic layer was 
dried over MgSO, and concentrated in vacuo. The residue was 
purified by flash chromatography through silica gel with 5% 
ether-hexane to give 14 (160 mg, 98%): [(YIz4D = -16.0' (c 1.0, 
CHCl3); 'H NMR 6 7.67-7.65 (m, 4 H), 7.42-7.35 (m, 6 H), 3.76 
(ddd, J = 4.8,6.9,10.2 Hz, 1 H), 3.68 (ddd, J = 5.9,6.2,10.2 Hz, 
1 H), 2.32 (dd, J = 8.8,18.7 Hz, 1 H), 2.07 (dt, J = 9.5,11.3 Hz, 
1 H), 1.93 (m, 1 H), 1.84 (m, 2 HI, 1.73-1.62 (m, 2 H), 1.42 (ddd, 
J = 8.8, 11.7, 23.4 Hz, 1 H), 1.27 (m, 1 H), 1.05 (8, 9 H), 1.04 (d, 
J = 5.5 Hz, 3 H), 0.92 (d, J = 6.9 Hz, 3 H); 13C NMR 6 221.45, 
135.51, 133.82, 129.57, 127.59, 62.05, 50.16, 46.79, 37.21, 34.79, 
30.58,26.85,22.90,19.13,17.81,13.69; IR (neat) 2927,1734 cm-I; 
HRMS (CI) calcd for CzH3702Si (MH+) 409.2562, found409.2561. 

[ 1R-( la,7au)]-1-[( 1R)-3-[( tert-Butyldiphenylsilyl)oxy]-l- 
methylpropyl]-l,2,3,6,7,7a-hexahydro-7a-methyl-5~-inden- 
&one (15). To a solution of potassium hydroxide (48 mg, 0.87 
mmol) in 3 mL of methyl alcohol-water (301) was added 14 (237 
mg, 0.58 mmol) at  0 "C. The mixture was cooled to -20 "C, 
freshly distilled methyl vinyl ketone was slowly added to the 
solution, and the mixture was stirred for 14 h at r t  and then for 
4 h at reflux. The reaction was quenched by the addition of 
saturated NH4C1. The resulting solution was extracted with ether, 
and the combined organic layers were dried over MgS04, The 
solvent was evaporated, and the residue was purified by flash 
chromatography through silica gel with 1525% ethyl acetate- 
hexane to give the enone 15 (160 mg, 60% ) and some unreacted 
ketone 14 (45 mg 19% 1. Enone 15: [ a I z 4 D  = +37.0° (c  2.5, CHCls); 
'H NMR 6 7.64-7.65 (m, 4 H), 7.42-7.35 (m, 6 H), 5.72 (br s, 1 
H), 3.73 (ddd, J = 4.8,7.3, 10.3 Hz, 1 H), 3.69 (ddd, J = 6.6,8.0, 
10.3 Hz, 1 H), 2.61 (ddt, J = 2.2, 10.6, 19.8 Hz, 1 H), 2.51 (ddd, 
J =  5.1,14.7,17.9 Hz, 1 H), 2.39 (m, 1 H),2.29(m, l H ) ,  2.19 (ddd, 
J = 1.8, 5.1, 13.2 Hz, 1 H), 1.95 (m, 1 H), 1.82 (dt, J = 5.1, 13.5 
Hz, 2 H), 1.72 (m, 1 H), 1.48 (m, 1 H), 1.39 (m, 1 H), 1.26 (m, 1 
H), 1.06 (d, J = 5.8 Hz, 3 H), 1.05 (s, 9 H), 0.88 (d, J = 6.6 Hz, 
3 H); 13C NMR 6 199.27, 179.98, 135.57, 133.92, 129.58, 127.61, 
121.61,121.43,61.44,55.86,45.03,38.07,36.93,33.49,31.19,28.83, 
26.86,26.64,19.16,18.84,16.04; IR (neat) 2929,1668,1471 cm-I. 
Anal. Calcd for C30H4002Si: C, 78.12; H, 8.78. Found: C, 78.26; 
H, 8.99. 

[ 1R-( 1~,5a,7aa)]-l-[ (1R)-3-[ (tert-Butyldiphenylsilyl)oxy]- 
l-methylpropyl]-2~~,6,7,7a-hexahydr~7~methyl-lH-inden- 
5-01 (24). To a solution of 15 (130 mg, 0.28 mmol) in EtOH (5 
mL) was added CeC13.7H20 (186 mg, 0.5 mmol), and the mixture 
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was stirred for 20 min at rt. The mixture was cooled to -78 "C, 
and NaBH4 (19 mg, 0.5 mmol) in ethyl alcohol (1 mL) was added. 
After being stirred for 20 min, the reaction mixture was quenched 
by the addition of saturated NH4C1, and the organic layer was 
extracted with ethyl acetate. The extract was washed with brine, 
dried over MgS04, filtered, and evaporated in vacuo. The residue 
was purified by flash chromatography through silica gel with 
25% ethyl acetate-hexane to give 24 (114 mg, 85%): [(YIz3D = 
+20.1° (c 1.7, CHCl3); IH NMR 6 7.69-7.65 (m, 4 H), 7.42-7.35 
(m, 6 H), 5.25 (quintet, J = 1.1 Hz, 1 H), 4.22 (ddt, J = 1.1, 2.6, 
5.5 Hz, 1 H), 3.72 (ddd, J = 4.8, 7.7, 10.3 Hz, 1 H), 3.68 (ddd, J 
= 6.6,7.7,10.3 Hz, 1 H), 2.35 (tq, J = 13.2,2.2 Hz, 1 H), 2.04 (m, 
1 H), 1.96 (m, 1 H), 1.92-1.73 (m, 3 H), 1.66-1.52 (m, 2 H), 1.38 
(dd, J = 1.5, 13.2 Hz, 1 H), 1.34 (ddd, J = 5.5, 11.0, 19.4 Hz, 1 
H), 1.24 (m, 1 H), 1.15 (m, 1 H), 1.04 (s,9 H), 0.94 (8, 3 H), 0.83 
(d, J = 6.6 Hz, 3 H); NMR 6 153.56, 135.57, 134.07, 129.50, 
127.57,120.44,68.43,61.67,56.15;43.40,38.17,36.~,31.93,29.96, 
27.30,26.85,26.61,19.16,18.75,17.46; IR (neat) 3342,2932,1427 
cm-l. Anal. Calcd for CBOH4202Si: C, 77.87; H, 9.16. Found: C, 
77.57; H, 9.30. 

[ 1R-( la,3aa,4a,5a,7aa)]-l-[ (1R)-3-[ (tert-Butyldiphenyl- 
silyl)oxy]- l-methylpropyl]-3a,4-epoxyoctahydro-7a-methyl- 
1H-inden-5-ol(25). To a mixture of the alcohol 24 (114 mg, 0.24 
mmol) and VO(acac)2 (6.8 mg, 0.025 mmol) in benzene (4 mL) 
at 0 "C was added tert-butyl hydroperoxide (4.6 M in dichlo- 
roethane, 0.1 mL, 0.46 mmol), and the mixture was stirred for 
1 h. The reaction mixture was quenched by the addition of Me& 
and the resulting mixture was extracted with ethyl acetate. The 
organic layer was washed with saturated NaHC03 and brine and 
dried over MgSO4. The solvent was evaporated, and the residue 
was purified by flash chromatography through silica gel with 
40% ethyl acetate-hexane to give the epoxy alcohol 25 (91 mg, 
80%): [a1230 = +9.0° (c 1.6, CHCl3); IH NMR 6 7.68-7.65 (m, 
4H),7.42-7.37 (m,6H),3.88(dd,J= 5.5,9.2Hz,lH),3.73(ddd, 
J = 4.7,7.7,10.3 Hz, 1 H), 3.67 (ddd, J = 6.6,8.1,10.3 Hz, 1 H), 
3.17 (d, J = 0.74 Hz, 1 H), 1.90-1.56 (m, 8 H), 1.50-1.34 (m, 2 H), 
1.24 (m, 1 H), 1.14 (m, 1 H), 1.05 (s,9 H), 0.91 (a, 3 H), 0.83 (d, 
J=6.6Hz,3H);l3CNMR6135.56,133.97,129.53,127.58,74.53, 
69.66,64.39,61.66,56.53,39.79,37.69,36.68,30.96,29.36,26.83, 
26.12,25.30, 19.13,19.01, 14.56; IR (neat) 3404,2957, 1471 cm-'. 
Anal. Calcd for C30H4203Si: C, 75.26; H, 8.85. Found: C, 75.47; 
H, 9.00. 

[ 1R-( lu,3aa,4~,7aa)]-l-[( 1R)-3-[ (tert-Butyldiphenylsily1)- 
oxy]-l-methylpropyl]-3a,4-epoxyoctahydro-7a-met hyl-5H- 
inden-5-one (26). To a solution of oxalyl chloride (30 pL, 0.38 
mmol) in CH2Cl2 (2 mL) a t  -78 "C was added DMSO (67 pL, 
0.95 mmol). The mixture was stirred for 10 min, and a solution 
of the alcohol 25 (88 mg, 0.184 mmol) in CHzC12 (3 mL) was 
added. After being stirred for 1 h, the reaction mixture was 
treated with triethylamine (0.26 mL, 1.91 mmol) and then allowed 
to warm to rt. The resulting mixture was quenched with water 
and extracted with ether. The extract was washed with brine, 
dried over MgS04, filtered, and concentrated in vacuo. The 
residue was purified by flash chromatography through silica gel 
with 12% ethyl acetate-hexane to give 26 (84 mg, 96% ): [aIz3D 
= +29.8O (c 1.8, CHC13); 1H NMR 6 7.67-7.65 (m, 4 H), 7.42-7.38 
(m, 6 H), 3.73 (ddd, J = 4.7, 7.3, 10.3 Hz, 1 H), 3.68 (ddd, J = 
6.6, 8.1, 10.3 Hz, 1 H), 3.07 (a, 3 H), 2.73 (dt, J = 5.5, 13.9 Hz, 
1 H), 1.97-1.67 (m, 8 H), 1.51 (m, 2 H), 1.25 (m, 2 H), 1.10 (8, 3 
H), 1.05 (8, 9 H), 0.83 (d, J = 6.6 Hz, 3 H); 13C NMR 6 209.28, 
135.55, 133.89, 129.58, 127.60, 80.09, 62.46, 61.46, 56.01, 40.84, 
40.19, 37.50, 32.23, 30.87, 28.98, 26.84, 19.14, 18.87, 14.64; IR 
(neat) 2961,1715, 1471 cm-'; HRMS (CI) calcd for C30H4103Si 
(MH+) 477.2824, found 477.2827. 

[ 1R-( la,7aa)]-l-[( 1R)-3-[ (tert-Butyldiphenyleilyl)oxy]-1- 
methylpropyl]-l~,3,6,7,7a-hexahydro-4-methoxy-7a-methyl- 
5H-inden-5-one (27). A mixture of the epoxy ketone 26 (84 mg, 
0.176 mmol) and potassium hydroxide (15 mg, 0.275 mmol) in 
methyl alcohol (3.6 mL) was stirred for 9 h at reflux. The reaction 
mixture was quenched with saturated NH4Cl. The mixture was 
diluted with water and extracted with ethyl acetate. The organic 
layer was dried over MgS04, filtered, and evaporated in vacuo. 
The residue was purified by flash chromatography through silica 
gel with 16% ethyl acetate-hexane to give the ketone 27 (66 mg, 
77%): [alZ30 = +75.4" (c 1.4, CHCl,); IH NMR 6 7.68-7.66 (m, 
4 H), 7.42-7.35 (m, 6 H), 3.73 (ddd, J = 4.8, 7.3, 10.3 Hz, 1 H), 
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3.68 (ddd, J = 6.6,8.1,10.3 Hz, 1 H), 3.63 (s,3 H), 2.62 (ddd, J 
= 5.1, 14.6, 17.9 Hz, 1 H), 2.52 (d, J = 8.8 Hz, 1 H), 2.51 (d, J 
= 9.2 Hz, 1 H), 2.38 (ddd, J = 2.2,5.1,17.9 Hz, 1 H), 2.14 (ddd, 
J=2.2,5.1,12.8Hz,lH),1.94(m,1H),1.86-1.67(m,2H),1.45 
(m, 2 H), 1.27 (m, 2 H), 1.08 (8, 3 H), 1.05 (8, 9 H), 0.87 (d, J = 
6.6 Hz, 3 H); 13C NMR 6 194.40, 162.51, 145.41, 135.54, 133.89, 
129.55,127.59,61.41,59.36,56.51,45.94,38.08,36.64,34.88,31.02, 
27.27,26.82,24.98,19.13,18.82,16.37; IR (neat) 2928,1676,1471 
cm-I. 

[ 1R-( la,5a,7aa)]-l-[ (lR)-3-[ (tert-Butyldiphenylsilyl)oxy]- 
l-methylpropyl]-2,3,5,6,7,7a- hexahydro-4-methoxy-7a-meth- 
yl-1H-inden-5-01 (28). To a solution of the enone 27 (46 mg, 
0.094 mmol) in ether (4 mL) a t  0 "C was added LiAlH4 (3.7 mg, 
0.1 mmol). After being stirred for 10 min, the reaction mixture 
was quenched by the successive addition of H20 (0.1 mL), 15% 
NaOH (0.1 mL), and H20 (0.3 mL). The mixture was diluted 
with ether (4 mL), and MgS04 was added. The mixture was 
stirred at rt for 30 min. The resulting mixture was filtered and 
concentratedinvacuotogive thealcohol28(47mg,100%): [ a ] 2 4 ~  

H), 7.41-7.35 (m, 6 H), 4.28 (dt, J = 1.8, 7.8 Hz, 1 H), 3.72 (ddd, 
J=4.8,7.3,10.3Hz,1H),3.68(ddd,J=6.6,8.1,10.3Hz,1H), 
3.61 (8, 3 H), 2.27 (tt, J = 1.8, 7.7 Hz, 2 H), 2.05 (ddd, J = 3.7, 
6.9, 13.6 Hz, 1 HI, 1.89-1.72 (m, 4 H), 1.61 (m, 1 H), 1.38 (m, 2 
H), 1.23 (m, 2 HI, 1.04 (s,9 H), 0.95 (s,3 H), 0.84 (d, J = 6.6 Hz, 
3 H); 13C NMR 6 147.25, 135.60, 134.60, 134.06, 133.05, 129.52, 
127.56,66.65,61.66,58.40,56.69,44.82,38.26,36.27,31.54,29.33, 
27.63,26.83,23.18,19.15,18.87,18.11;IR(neat) 3418,2932,1690, 
1471 cm-l; HRMS (CI) calcd for C31H4503Si (MH+) 493.3137, 
found 493.3131. 

[ 1R-( la,5~,7au)]-l-[ (1R)-3-[ (tert-Butyldiphenylsilyl)oxy]- 
1-met hylpropyl]-2,3,5,6,7,7a-hexahydro-4-methoxy-5-[ (meth- 
oxycarbonyl)oxy]-7a-methyl-lH-indene (29). To a mixture 
of the alcohol 28 (46 mg, 0.093 mmol), 4-(dimethylamino)pyridine 
(1 mg, 9.4 pmol), and pyridine (0.03 mL, 0.39 mol) in CH2CI2 (2 
mL) at 0 "C was added methyl chloroformate (15 pL, 0.19 mmol), 
and the mixture was stirred for 40 min. The reaction was 
quenched with water, and the resulting mixture was extracted 
with ether. The extract was washed with brine, dried over MgS04, 
filtered, and concentrated in vacuo. The residue was purified by 
flash chromatography through silica gel with 10% ethyl acetate 
hexane to give the methoxy carbonate 29 (41 mg, 84% ): IH NMR 
6 7.67-7.65 (m, 4 H), 7.41-7.35 (m, 6 H), 5.34 (d t , J  = 7.7,1.8 Hz, 
1 H), 3.78 (s,3H),3.73 (ddd,J= 4.8,7.3,10.3Hz, 1 H),3.69 (ddd, 
J = 6.6, 8.1, 10.3 Hz, 1 H), 3.53 (8, 3 H), 2.30 (m, 2 H), 2.17 (m, 
2 H), 1.86 (m, 2 H), 1.77 (m, 1 H), 1.61 (m, 1 H), 1.42 (m, 2 H), 
1.26 (m, 2 H), 1.04 (s, 9 H), 0.96 (s, 3 H), 0.84 (d, J = 6.6 Hz, 3 
H); NMR 6 155.92, 143.60, 138.32, 135.57, 134.02, 129.51, 
127.57,73.74,61.65,58.67,56.73,54.57,44.34,38.23,36.33,31.43, 
26.83,26.60,23.31,19.15,18.87,17.66; IR (neat) 2956,1746,1694 
cm-I. Anal. Calcd for C32H4604Si: C, 73.51; H, 8.87. Found: C, 
73.76; H, 8.88. 

[ 1R-( la,7aa)]-l-[ (1R)-3-[ (tert-Butyldiphenylsilyl)oxy]-1- 
methylpropyl]-1,2,5,6,7,7a-hexahydro-7a-met hyl-4H-inden- 
&one (16). A solution of the carbonate 29 (41 mg, 0.078 mmol) 
in DMSO (1 mL) was stirred for 2 h at 100 OC. The reaction 
mixture was diluted with ethyl acetate, washed with brine, and 
dried over MgS04. The solvent was evaporated, and the residue 
was purified by flash chromatography through silica gel with 
60% ethyl acetate-hexane to give the alcohol 30 (13 mg, 75%): 
1H NMR 6 6.46 (dd, J = 1.8,3.3 Hz, 1 H), 3.75 (m, 1 H), 3.70 (m, 
1 H), 2.48 (tq, J = 16.5, 3.6 Hz, 1 H), 2.22 (m, 1 H), 2.11 (dt, J 
= 9.9, 3.6 Hz, 1 H), 1.95 (m, 1 H), 1.83 (m, 2 H), 1.75 (dd, J = 
5.8, 13.2 Hz, 1 H), 1.59 (dt, J = 4.0, 12.8 Hz, 2 H), 1.33 (m, 2 H), 
1.12 (m, 1 H), 1.01 (d, J = 6.2 Hz, 3 H), 0.99 (8, 3 H); 13C NMR 
6 200.19, 150.34, 135.17, 60.53, 59.45, 48.50, 42.64, 39.97, 38.66, 
35.40, 30.91, 20.88, 18.73, 17.91. 

A mixture of the alcohol 30 (13 mg, 0.058 mmol), imidazole (12 
mg, 0.18 mmol), and tert-butyldiphenylsilyl chloride (60 pL, 0.23 
mmol) in DMF (0.2 mL) was stirred for 1 h at rt. The reaction 
mixture was quenched with water, and the mixture was extracted 
with ether. The extract was washed with brine, dried over MgSO4, 
filtered, and concentrated in vacuo. The residue was purified by 
flash chromatography through silica gel with 10% ether-hexane 
to give the silylated ketone 16 (16 mg, 60%): 'H NMR 6 7.67- 
7.65 (m, 4 H), 7.41-7.35 (m, 6 H), 6.42 (dd, J =  1.8,3.3 Hz, 1 H), 

= +17.6' (C 1.2, CHCl3); 'H NMR 6 7.66 (dd, J = 1.1,6.6 Hz, 4 
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3.74(ddd, J=4.7,7.3,10.3Hz,lH),3.70(ddd,J= 6.6,8.1,10.3 
Hz, 1 H), 2.40 (m, 1 H), 2.34 (m, 2 H), 2.17 (ddd, J = 2.8,8.5,7.2 
Hz, 1 H), 2.03 (m, 1 H), 1.94 (m, 1 H), 1.83 (m, 1 H), 1.75 (m, 2 
H), 1.52 (dt, J = 4.0, 12.8 Hz, 1 H), 1.25 (m, 2 H), 1.06 (8, 9 H), 
1.05 (s,3 H), 0.87 (d, J = 5.8 Hz, 3 H); 13C NMR 6 200.43,150.23, 
135.59, 134.11, 133.96, 129.49, 127.56,61.56, 59.27,48.40, 39.91, 
38.56, 38.33, 35.35, 30.72, 26.51, 20.84, 18.98, 18.78, 17.81; IR 
(neat) 2929, 1668, 1471 cm-l. 

[ 1R-( la,4&7aa)]-l-[ (lR)-3-[ (tert-Butyldiphenylsilyl)oxy]- 
1-met hylpropyl]-2,4,5,6,7,7a-hexahydro-7a-met hyl- 1H-inden- 
4-01 (31). To a solution of 16 (13 mg, 0.028 mmol) in EtOH (1 
mL) was added CeC1r7H20 (37 mg, 0.1 mmol), and the mixture 
was stirred for 10 min at rt. The mixture was cooled to -78 "C, 
and NaBH4 (3.7 mg, 0.1 mmol) in ethyl alcohol (0.5 mL) was 
added. After the mixture was stirred for 1 h, the reaction was 
quenched by the addition of saturated NH4C1, and the mixture 
was extracted with ethyl acetate. The extract was washed with 
brine, dried over MgS04, filtered, and concentrated in vacuo. 
The residue was purified by flash chromatography through silica 
gel with 20% ethyl acetate-hexane to give the alcohol 31 (11 mg, 

4 H), 7.43-7.35 (m, 6 H), 5.41 (br s, 1 H), 4.17 (dt, J = 1.5, 4.7 
Hz, 1 H), 3.74 (ddd, J = 4.7, 7.3, 10.3 Hz, 1 H), 3.69 (ddd, J = 
6.6,8.1,10.3 Hz, 1 H), 2.29 (dddd,J = 1.4,2.9,7.7,15.7 Hz, 1 H), 
2.05 (m, 1 H), 1.94 (m, 1 H), 1.87 (m, 1 H), 1.75 (m, 2 H), 1.60 
(m, 2 H), 1.27 (m, 2 H), 1.18 (m, 2 H), 1.04 (s, 9 H), 0.90 (s, 3 H), 
0.82 (d, J = 6.6 Hz, 3 H); I3C NMR 6 153.67, 135.60, 134.11, 
129.51, 127.58, 116.16, 68.84, 61.80, 59.34, 48.83, 41.59, 38.50, 
36.64, 35.29, 30.61, 26.89, 21.61, 19.18, 18.99, 17.00; IR (neat) 
3418,2929 cm-l; HRMS (CI) calcd for CmH4302Si (MH+) 463.3031, 
found 463.2993. 

[ 1R-( la,3a&4B,7aa)]-l-[ (1R)-3-[ (tert-Butyldiphenylsily1)- 
oxy]- l-methylpropyl]octahydro-7a-methyl- lH-inden-4-01(32). 
A mixture of the alcohol 31 (10 mg, 0.029 mmol) and RhCl(PPh& 
(13.7 mg, 0.015 mmol) in CHzClz (2 mL) was stirred under an 
atmospheric pressure of hydrogen for 22 h at rt. The reaction 
mixture was filtered through a pad of Celite, and the solvent was 
evaporated in vacuo. The residue was purified by flash chro- 
matography through silica gel with 20% ethyl acetate-hexane to 
give the alcohol 32 (8 mg, 80% 1: [(rIz3D = +16.7" (c 0.3, CHCl3); 
lHNMR6 7.66(d,J= 7.7 Hz,4H),7.42-7.35 (m,6H),3.71(ddd, 
J = 4.7,7.3, 10.3 Hz, 1 H), 3.67 (ddd, J = 6.9, 8.1, 10.3 Hz, 1 H), 
3.57 (dt, J = 4.7, 10.3 Hz, 1 H), 1.98 (m, 1 H), 1.82 (m, 4 H), 1.53 
(m, 5 H), 1.30-1.14 (m, 5 H), 1.04 (8, 9 H), 0.81 (d, J = 6.2 Hz, 
3 H), 0.65 (s, 3 H); NMR 6 135.59, 134.11, 129.49, 127.56, 
71.13,61.78,57.24,56.61,44.73,39.11,38.60,35.86,32.25,27.86, 
26.86,23.38,21.78,19.17,18.74,11.88; IR (neat) 3418,2930,1471 
cm-1; HRMS (CI) calcd for C30H4502Si (MH+) 465.3187, found 
465.3230. 

[ 1R-( la,3a&7aa)]-l-[ (lR)-3-[( tert-Butyldiphenylsily1)- 
oxy]- l-methylpropyl]octahydro-7a-methyl-4H-inden-4- 
one (33). A mixture of the alcohol 32 (15 mg, 0.032 mmol) and 
pyridinium dichromate (61 mg, 0.161 mmol) in CHzClz (2 mL) 
was stirred for 1 ha t  rt. The reaction mixture was filtered through 
a Florisil column, and the filtrate was concentrated in vacuo. 
The residue was purified by flash chromatography through silica 
gel with 10% ethyl acetate-hexane to give the ketone 33 (13 mg, 
88%): [(uIz3D = -3.0" ( c  1.0, CHC1,); IH NMR 6 7.73-7.65 (m, 4 
H),7.42-7.35(m,6H),3.72(ddd,J=4.7,7.3,10.3Hz,lH),3.66 
(ddd, J = 6.6,8.1,10.3 Hz, 1 H), 2.40 (dd, J = 7.7,11.7 Hz, 1 H), 
2.25 (dt like, 1 H), 2.18 (dt like, 1 H), 2.05 (br s, 1 H), 1.96 (m, 
1 H), 1.87 (m, 2 H), 1.73 (m, 2 H), 1.53 (m, 3 H), 1.41 (q, J = 9.5 
Hz, 1 H), 1.24 (m, 2 H), 1.06 (s,9 H), 0.86 (d, J = 6.6 Hz, 3 H), 
0.60 (s, 3 H); 13C NMR 6 212.21, 135.56, 134.77, 129.57, 127.56, 
61.95,61.60,56.71,49.92,40.90,38.86,38.34,32.37,27.40, 26.83, 
26.51,24.01, 19.02, 18.86,12.35; IR (neat) 2957,1712,1472 cm-I; 
HRMS (CI) calcd for CmH4202Si (MH+) 463.3031, found 463.3009. 

[ 1R-( la,3a/3,4a,7aa)]-l-[ (1R)-3-[ (tert-Butyldipheny1silyl)- 
oxy]- l-methylpropyl]octahydro-7a-methyl-lH-inden-4-01(34). 
To a solution of the ketone 33 (52 mg, 0.11 mmol) in ether (2 mL) 
a t  0 "C was added LiAlH4 (11 mg, 0.3 mmol). After being stirred 
for 10 min, the reaction mixture was quenched by the successive 
addition of H20 (0.1 mL), 15% NaOH (0.1 mL), and HzO (0.3 
mL). The mixture was diluted with ether (5 mL), and MgS04 
was added. The mixture was stirred at rt for 30 min. The 
resulting mixture was filtered, and the filtrate was concentrated 

85%): [ a I z 3 D  = -22.0" (C 0.4, CHC13): 'H NMR 6 7.68-7.65 (m, 
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in vacuo. The residue was purified by flash chromatography 
through silica gel with 10% ethyl acetate-hexane to give the 
alcohol 34 (52 mg, 100%): [ a ] 2 4 D  = +15.8' (c 0.8, CHClS); 'H 
NMR 6 7.72-7.68 (m, 4 H), 7.41-7.35 (m, 6 H), 4.05 (d, J = 2.2 
Hz, 1 H), 3.72 (ddd, J = 4.7, 7.3, 10.3 Hz, 1 H), 3.66 (ddd, J = 
6.6, 8.0, 10.3 Hz, 1 H), 1.97 (br d, 1 H), 1.82-1.71 (m, 4 H), 1.46 
(m, 2 H), 1.42 (m, 4 H), 1.33-1.11 (m, 4 H), 1.04 (s,9 H), 0.90 (8 ,  
3 H), 0.80 (d, J = 6.2 Hz, 3 H); I3C NMR 6 135.59,134.15,129.47, 
127.55,69.41,61.82,56.72,52.58,41.86,40.30,38.43,33.52,32.22, 
26.85,26.52,22.49,19.16,18.74,17.39,13.37; IR (neat) 3426,2998, 
1471 cm-I. 

[ 1R-( la,3aB,4a,7aa)]-4-(Benzyloxy)-l-[( 1R)-3-[( tert-butyl- 
diphenylsily1)oxy 1-1-met hylpropyl]octahydro-7a-methyl- 
lH-indene (35). To a solution of the alcohol 34 (16 mg, 0.034 
mmol) and KH (washed with hexane, 20 mg, 0.5 mmol) in THF 
(1 mL) at 0 "C was added benzyl bromide (6 rL, 0.05 mmol), and 
the mixture was stirred for 30 min and then for 2 h at rt. The 
reaction was cooled to 0 "C and quenched with water (1 mL) and 
saturated NH4Cl (1 mL). The aqueous layer was extracted with 
ether. The extract was washed with brine, dried over MgSO,, 
filtered, and concentrated in vacuo. The residue was purified by 
flash chromatography through silica gel with 3% ether-hexane 
to give 35 (20 mg, 100%): [(uIz3D = +21.6" (c 0.5, CHCl3); 'H 
NMR 6 7.75 (dd, J = 1.4,8.1 Hz, 2 H), 7.67 (dd, J = 1.4,6.9 Hz, 
2 H), 7.43-7.31 (m, 11 H), 4.60 (d, J = 12.4 Hz, 1 H), 4.35 (d, J 
= 12.4 Hz, 1 H), 3.69 (m, 3 H), 1.96 (br t, 2 H), 1.75 (m, 4 H), 1.52 
(m, 1 H), 1.41-1.28 (m, 3 H), 1.26-1.15 (m, 4 H), 1.10 (m, 1 H), 
1.04 (8, 9 H), 0.94 (s, 3 H), 0.81 (d, J = 6.6 Hz, 3 H); I3C NMR 
6 139.97, 135.60, 134.19, 129.46, 128.11, 127.55, 126.88, 126.77, 
71.13,61.90,56.86,52.80,42.11,40.69,38.52,32.41,29.24,27.34, 
26.90,26.47,22.77,19.18,18.83,17.94,13.48;IR(neat)2927,1471, 
1463 cm-l. 

[ 1R-[ la(RC),3a&4a,7aa]]-4-(Benzyloxy)octahydro-y,7a- 
dimethyl-lH-indene-1-propanol (36). A mixture of the silyl 
ether 35 (28 mg, 0.05 mmol) and BQNF (21 mg, 0.08 mmol) in 
THF (2 mL) was stirred for 3 h at rt. The reaction mixture was 
diluted with ether (20 mL), washed with water and brine, and 
dried over MgS04. The solvent was evaporated, and the residue 
was purified by flash chromatography through silica gel with 
25% ethyl acetate-hexane to give the alcohol 36 (15 mg, 95%): 

(d, J = 12.4 Hz, 1 H), 4.34 (d, J = 12.4 Hz, 1 H), 3.69 (br d, 1 H), 
3.68 (m, 1 H), 3.60 (m, 1 H), 1.99 (br dd, 1 H), 1.90-1.68 (m, 3 
H), 1.52 (m, 1 H), 1.45-1.05 (m, 10 H), 0.96 (8, 3 H), 0.92 (d, J 
= 6.6 Hz, 3 H); 13C NMR 6 139.84,128.01, 126.81, 126.68,76.46, 
71.05,60.72,56.89,52.69,42.05,40.64,38.72,32.56,29.14,27.36, 
22.67,18.75,17.86,13.43; IR (neat) 3332,2933, 1446,1463 cm-I; 
HRMS calcd for C21H32O2 316.2402, found 316.2440. 

[ 1R-[ la(RC),3a&4a,7aa]]-4-(Benzyloxy)octahydro-b,7a- 
dimethyl-1H-indene-1-pentanoic Acid Ethyl Ester (37). A 
mixture of the alcohol 36 (50 mg, 0.158 mmol) and pyridinium 
dichromate (225 mg, 0.6 mmol) in CH2C12 (5 mL) was stirred for 
6 h at rt. The reaction mixture was filtered through a Florisil 
column, and the filtrate was concentrated in vacuo. The residue 
was purified by flash chromatography through silica gel with 
10% ethyl acetate-hexane to give the aldehyde (42 mg, 84%): 

Hz, 1 H), 7.33-7.30 (m, 5 H), 4.60 (d, J = 12.4 Hz, 1 H), 4.35 (d, 
J = 12.4 Hz, 1 H), 3.71 (br d, J = 2.2 Hz, 1 H), 2.45 (dd, J = 1.8, 
15.7 Hz, 1 H), 2.20-1.95 (m, 3 H), 1.78 (br q, 3 H), 1.45-1.10 (m, 
6 H), 1.01 (d, J = 6.2 Hz, 3 H), 1.00 (s, 3 H); I3C NMR 6 203.60, 
139.83, 128.12, 126.93, 126.77, 71.14, 56.47, 52.73, 50.75, 42.21, 
40.54, 31.39, 29.09, 27.57, 22.65, 19.93, 17.86, 13.60; IR (neat) 
2932, 1727, 1454 cm-I. 

To a suspension of NaH (55 wt % oil dispersion, 52 mg, 1.02 
mmol) in THF (10 mL), was added diethyl phosphonoacetate 
(0.2 mL, 1.02 mmol) at 0 "C, and the mixture was stirred for 10 
min. To the solution was added the aldehyde (268 mg,0.85 mmol) 
in THF (5 mL), and the mixture was stirred for 10 min. The 
reaction mixture was quenched with water, and the aqueous layer 
was extracted with ether. The organic layer was washed with 
brine, dried over MgS04, and concentrated in vacuo. The residue 
was purified by flash chromatography through silica gel with 5% 
ethyl acetate-hexane to give the ester 37 (290 mg, 89% ): [ a l Z 3 ~  
= +43.2" (c 0.4, CHC13); lH NMR 6 7.32-7.30 (m, 5 H), 6.94 (ddd, 
J = 6.6, 8.8, 15.4 Hz, 1 H), 5.81 (d, J = 15.4 Hz, 1 H), 4.60 (d, 

[(Y]'~D = +65.8" (C 1.0, CHC13); 'H NMR 6 7.32-7.30 (m, 5 H), 4.60 

[ a lZ3~  = +38.8" (C 1.7, CHCl3); 'H NMR 6 9.74 (dd, J = 1.1, 3.6 
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18.52,17.42,13.53,13.50; IR (neat) 3330,2931,1468,1376,1238, 
1161,759 cm-1; HRMS (CI) calcd for C18H3502 (MH+) 283.2636, 
found 283.2585 [lit.lo [UI2'D = +44.7' (EtOH)]. 

[ lR-(la,3a@,7aa)]-l-[( lR)-1,5-Dimethyl-5-[(trimethylsi- 
lyl)oxy]hexyl]octahydro-7a-methyl-4H-inden-4-one (2). A 
mixture of the alcohol 39 (31.5 mg, 0.112 mmol) and pyridinium 
dichromate (126 mg, 0.336 mmol) in CHZC12 (1 mL) was stirred 
for 4 ha t  rt. The reaction mixture was filtered through a Florisil 
column, and the filtrate was concentrated in vacuo. The residue 
was purified by flash chromatography through silica gel with 
30% ethyl acetate-hexane to give the ketone (28.4 mg, 91%): 

J = 6.2 Hz, 3 H), 0.63 (s,3 H); I3C NMR 6 212.18, 71.03, 61.97, 
56.61,49.92,44.28,40.95,38.96,36.21,35.46,29.38,29.18,27.51, 
24.05,20.69,19.05,18.69,12.46; IR (neat) 3432,2960,1709 cm-I; 
HRMS (CI) calcd for C18H33O2 (MH+) 281.2482, found 281.2485. 

To a solution of alcohol (180 mg, 0.643 mmol) in CHZC12 (120 
mL) was added TMS-imidazole (0.47 mL, 3.22 mmol), and the 
mixture was stirred for 68 h at  rt. To the reaction mixture was 
added water, and the mixture was stirred for 30 min. The 
resulting mixture was extracted with CHzClz, and the extract 
was washed with brine, dried over MgS04, and concentrated in 
vacuo. The residue was purified by flash chromatography through 
silica gel with 10% ethyl acetate-hexane to give the ketone 2 

(s,6 H), 0.95 (d, J = 6.2 Hz, 3 H), 0.63 (s,3 H), 0.09 (s,9 H); I3C 
NMR6212.14,74.00,61.97,56.73,49.92,45.12,40.95,38.96,36.21, 
35.50,29.93,29.90, 29.83,29.80,27.49,24.05,20.74,19.04,18.66, 
12.46, 2.60; IR (neat) 2958, 1715 cm-'; HRMS (CI) calcd for 
C21H4102Si (MH+) 353.2875, found 353.2859. 

[(u]23D = +4.6' (C 1.38, CHCl3); 'H NMR 6 1.21 ( ~ , 6  H), 0.96 (d, 

(174 mg, 77%): [ a ] 2 3 ~  = +3.4' (c 0.5, CHCl3); 'H NMR 6 1.19 

J=l2.4Hz,lH),4.35(d,J=12.4Hz,lH),4.18(q,J=6.9Hz, 
2 H), 3.70 (br d, 1 H), 2.27 (m, 1 H), 1.98 (br d, 3 H), 1.88-1.70 
(m, 3 HI, 1.62 (m, 1 H), 1.45-1.05 (m, 7 H), 1.28 (t, J = 6.9 Hz, 
3 H), 0.96 (s ,3  H), 0.93 (d, J = 6.6 Hz, 3 H); 13C NMR 6 166.57, 
148.14,139.86,128.12,126.93,126.17,122.31,75.84,71.11,60.05, 
56.14,52.66,42.11,40.45,35.22,29.12,27.31, 22.67,18.91, 17.85, 
14.27,13.59; IR (neat) 2932, 1720,1651 cm-'; HRMS (CI) calcd 
for C25H3703 (MH+) 385.2742, found 385.2643. 

[ 1R-[ la(RI),3a~,4a,laa]]-Octahydro-4- hydroxy-b,7a-di- 
methyl-1H-indene-1-pentanoic Acid Ethyl Ester (38). A 
mixture of the alcohol 37 (92 mg, 0.24 mmol) and 5% Pd-C (51 
mg, 0.024 mmol) in ethanol (3 mL) was stirred for 24 hat  rt under 
H2 (1 atm). The reaction mixture was filtrated through a pad 
of Celite and concentrated in vacuo. The residue was purified 
by flash chromatography through silica gel with 12% ethyl 
acetate-hexane to give the alcohol 38 (51 mg, 72% ): [(uIz4D = 

(br d, J = 2.6 Hz, 1 H), 2.27 (dd, J = 6.6, 8.4 Hz, 1 H), 2.23 (m, 
1 H), 1.98 (m, 1 H), 190-1.75 (m, 2 H), 1.69 (m, 1 H), 1.60-1.05 
(m, 13 H), 1.25 (t, J = 6.9 Hz, 3 H), 0.92 (s, 3 H), 0.91 (d, J = 
6.6 Hz, 3 H); NMR 6 173.89,69.31,60.13,56.31,52.56,41.81, 
40.32,35.16,34.97,34.74,33.54,27.07,22.47,21.47,18.40,17.39, 
14.21, 13.44; IR (neat) 3520, 2933, 1732 cm-'; HRMS $1) calcd 
for ClBH3303 (MH+) 297.2429, found 297.2426. 

[ 1R-[ la(R+),3a&4~,7aa]]-Octahydro-4- hydroxy-~,a,t,7a- 
tetramethyl-1H-indene-1-pentanol(39). To a mixture of Mg 
(19.0 mg, 0.78 mmol) in ether (2 mL) was added iodomethane (53 
mL, 0.86 mmol) at 0 OC. After the mixture was stirred for 20 
min, a solution of the ester 38 (51 mg, 0.17 mmol) in ether (2 mL) 
was added, and the resultant mixture was stirred for 10 min at  
0 OC and then for 20 min at  rt. The reaction mixture was cooled 
to 0 O C  and quenched with water (1 mL) and 3 N HCl(1 mL), 
and the aqueous layer was extracted with ether. The extract was 
washed with brine, dried over MgS04, filtered, and concentrated 
in vacuo. The residue was purified by flash chromatography 
through silica gel with 30% ethyl acetate-hexane to give the 
alcohol39(42mg,86%): [a]23~=+44.1' (c 1.1,EtOH); 'HNMR 
6 4.06 (m, 1 H), 1.20 (s, 6 H), 0.92 (s,3 H), 0.90, (d, J = 6.59 Hz, 
3 H); NMR 6 71.10, 69.40, 56.62, 52.58, 44.39, 41.84, 40.37, 
36.23,35.25,33.57,29.36,29.33,29.18,29.15,27.17, 22.51,20.75, 

+51.2' (C 1.0, CHCl,); 'H NMR 6 4.10 (q, J = 6.9 Hz, 2 H), 4.06 
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