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Abstract - Cyclixation of the unsaturated sulfoxides 18b,18c under Pummerer condi- 

tions provided the six-membered products 20a and 21a, whereas base-catalyzed 

cyclization of the stereoisomeric epoxysulfones 16a,l6b and 17a,l7b led exclusive- 

ly to the five-membered compound6 12a,l2b and 15a,15b. The reaction 18b,18c -> 

20a,2la has been used to prepare the trans-decaline derivative 24 starting from 

the dimethylcyclohexenone 6. 

. 
Forskolin (l), a labdane diterpene isolated from the Indian herb (&&RR forskohlll 

Briq. (Labiatae) has been reported to be a unique adenylate cyclase activator, to 

lower normal or elevated blood pressure, to have a positive inotropic effect on 

the heart muscle, and to cause marked inhibition of platelet activation.2 Synthe- 

tic work on this highly challenging target 2-5 has uncovered very elegant solu- 

tions for the construction of the decalin part of the molecule relying on 

a) 
b) 

different types of intramolecular cycloaddition reactions, 3.9-13 

a radical cyclization in tandem with an intramolecular Hukaiyama 

reaction, 14 

c) a tandem Michael-aldol sequence, 15 

d) an anionic Cope rearrangement.16 

OH 
1 

Intermolecular Diels-Alder approaches proved less fruitful.l'-19 In our hands all 

attempts to add either of the electron-rich dienes 320 or 421 to the sterically 
hindered enone 6 (Scheme 1) were completely unsuccessful.rg Related observations 
have been reported by Snider" and by Sih.ls 

In the sequel we describe results obtained on attempted annulation of ring B onto 

6 and 7 in a stepwise manner. 

TiCla-catalyzed reaction of 6 with allyltrimethylsilane 22 led to the desired 1,4- 

addition product which could be trapped with chloromethyl phenyl sulfide 23 to 

furnish the trans addition product 8 (58% yield) together with 9 (9%). Under 

acidic condition6 a 2:l equilibrium mixture of 8 and 11 was established. The 
relative configuration of 8 and 11 follows from the cyclization reactions that are 

detailed below. The Sakurai reaction 26 of the trimethyl compound 7 with allyltri- 
methylsilane also proceeded as desired but in this case we were unable to trap the 

intermediate enolate with chloromethyl phenyl sulfide and a number of other elec- 

661 



662 D. NEUNERT et al. 

trophiles. The simple addition product 10 was obtained in all cases investi- 
gated.19 
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As starting materials for the cyclixation studies the stereoisomeric epoxy 

sulfones 16a, 16b, 17a, and 17b as well as the stereoisomeric unsaturated sulf- 

oxides 18b, 18c, 19b, and 19c were prepared from 8 and 11, respectively, using 

straightforward chemistry (see Scheme 2 and Experimental). 

Cyclixation of the epoxy sulfones 24-26 can, in principle, occur in two different 

modes, leading to five- or six-membered rings. According to Baldwin's rules 27 one 

would expect the m-mode to prevail, leading to five-membered cyclixation 

products. On the other hand, in some related cases with stabilized carbanions, 

six-membered ring formation has been observed when the epoxide end farther from 

the carbanionic centre was less substituted than the nearer one.23,2a-30 Recently, 

Benedetti et al." published results on the base-catalyzed cyclixation of w-epoxy- 

1,1-bis-sulfones. They found in a case which is closely related to our systems 

that the five- and six-membered cyclization products are formed in a 6:l ratio. 

In our case, reaction of each of the stereoisomeric epoxy sulfones 168, 16b, 17a, 

and 17b with LDA resulted in the formation of a single five-membered cyclixation 

product (12a, 12b, 15a, 15b). The relative configuration of these stereoisomeric 

compounds was determined after 0-methylation and acetal cleavage to give 12c, 12d, 

15c, and 156, respectively. The 1H NMR results collected in Table 1 (see also 

partial structures 12c,d A and 15c,d A) clearly show the strong deshielding ef- 

fects of the sulfonyl group on the protons at C-7a and C-10 if they are on the 

same side of the cyclopentane ring. The cis- an& trans-fusion, respectively, of 

the two rings was inferred from the coupling constant J3a,ra. The cis-relation of 

2-H and 7a-H in 156 was independently confirmed by NOD results summarized in 

partial formula 156 B. In agreement with these stereochemical assignments sulfi- 

nate elimination from 12c and 15c led to 13 whereas from 126 and 156 the isomeric 
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elimination product I4 was obtained. 

12~. d A 15~ d A 

Tab 1. Selected 'Ii NMR data of 12c, 126, 15c, 15d. 

6-values Jsa,?a (Hz) 

15 d B 

la-H CHz-10 

12c 1.64-1.75 3.02 - 3.12 12.5 
126 1.41-1.55 3.87 and 4.15 12.5 
15c 2.70-2.77 3.59 and 3.88 0.5 
156 2.29-2.36 2.98-3.00 7.5 

Cyclixation to give a six-membered ring B was achieved under Pummerer reaction 

conditions 32 starting from a mixture of the stereoisomeric sulfoxides 18b,18c. 
Heating of 18b,18c in the presence of trifluoroacetic anhydride afforded 20a and 

21a which could not be separated. The mixture was, therefore, hydrolyzed to pro- 

vide a 55:14 mixture of 20b and 2lb which was readily separated chromatographical- 

1Y. MCPBA oxidation converted 20b into the hydroxy sulfone 20~. Prom the mixture 

of the unsaturated sulfoxides lEa,lEb the stereoisomeric hydroxy sulfones 2Oc and 

21~ were prepared directly in 56% and 21% yield, respectively, by the sequence (i) 

treatment with trifluoroacetic anhydride, (ii) ester hydrolysis, and (iii) oxida- 

tion with MCPBA. The relative configuration at C-4a, C-8 and C-8a in 2Oc and 21~ 

and hence in 20b and 21b was deduced from the following coupling constants: J~a,aa 

about 12 Hz in 2Oc and in 2lc corresponding to a trans-decaline system in both 

cases, and Je.8. = 8 Hz for 2Oc (trans relation of both protons) and Ja.aa = 3 Hz 

for 2lc (cis-relation of the two protons). The configuration at C-6 follows from 

results described below.- 20b was then converted into 22 by (i) OH group methyla- 

tion, (ii) acetal cleavage, and (iii) oxidation of the sulfide function with one 

equivalent of MCPDA to give the corresponding sulfoxides, (iv) benzenesulfinate 

elimination. Using the same reaction sequence 21b was converted into 23 showing 

that both series of compounds differ in their configuration at C-6. Finally, 

reaction of 22 with trimethylstannyllithium, 33 followed by enolate trapping with 

methyl iodide provided the trans-decaline derivate 24 in 61% yield along with the 

0-alkylation product 25 (14%). In the NMR spectra of 24 each 1H and 1X resonance, 

respectively, has been assigned applying two-dimensional (2D) iH/iH chemical shift 

correlation spectroscopy (COSY aI ), heteronuclear 13C/1H 2D shift correlation 

using large ('Jcs) C,H couplings, 35 and lH/'H nuclear Overhauser enhancement (NOE) 

difference spectroscopy." The relative configuration followed straightforwardly 

from the NOE results, the most indicative of which are summarized in formula 24A. 

Most specifically, the cis-relation between the OCHs group and the proton at C-4a 

was clearly established.3' 
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All Oz - or moisture-sensitive reactions were performed in oven-dried glassware 
under a positive pressure of argon. Sensitive liquids were transferred by syringe 
and were introduced into the reaction flasks through rubber septa. Usual work-up 
means partitioning the reaction mixture between water and an appropriate organic 
solvent, drying the combined organic layers with MgSO4 and removal of the solvent 
by distillation in vacuum using a rotatory evaporator. The intrumentation used 
was: ‘H Nm: WP 80 (Bruker), AM 400 (Bruker); 'SC-NMR: AM 400 (Bruker); IR: 
Perkin Elmer 1310; NS: NAT-731 and NAT-CN-5 (Finnigan). LC: Liquid chromatography 
(LC) was performed using SiOz (63-100 pm, Macherey & Nagel); for medium pressure 
chromatography (MPLC) 25 cm x 3 cm (column A, 100 g SiO2), 55 cm x 3 cm (column 
B, 110 g SiOz) or 35 cm x 4 cm (column C, 200 g SiOz) glass tubes, SiOz (40-63 urn, 
Merck), a Duramat pump (CfG); and the UV detector RCT-Thomachrom (Reichelt) were 
used. 

To a solution of 638 (100 mg, 0.81 mmol) and TiClr (100 ~1, 0.91 mmol) in CHzClz 
(3 ml) at -78-C allyltrimethylsilane (150 ~1, 0.95 mmol) was added. After stir- 
ring at -78-C for 15h chloromethyl phenyl sulfide (255 ~1, 1.9 mmol) was added. 
The mixture was stirred at -10 to -5'C for llh. Usual work-up and LC (hexanes - 
ether 1OO:l) gave 8 (134 mg, 58%) and 9 (12 mg, 9%) as colourless oils. 
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_ _ thvl-cvcv (81, 
IH NNR (80 NHx. CDCls): 8 = 1.05 Is, 6H; C&), 3.15-3.30 (la. 2H; -CHz-S-), 4.88- 
5.06 (m; 3H; .vinylic.H's), 1.10-7.40 (rn, 5i.l; Ar-H's).- IR (CClr): 3045, 3040 
(=CH), 1715 (C=O), 1640, 1585 cm-l (C=C).- MS: m/z (%) = 288 (44, H+), 179 (29), 
165 (51), 123 (100). (Found: C, 74.83; H, 8.44. ClsHzrOS (288.5) requires C, 
74.95: H, 8.39). 

vl-cvclohexanone 191, 
'H NMR (80 NHx, CDC13): 6 = 1.00 (8, 3H; CHI), 1.05 (8, 3H; CH3), 4.80-5.90 (m, 

. . . H's).- 
:!b.lEYt:$ t4+ 

IR (CClr): 3070 (=CH), 1710 (C=O), 1635 cm-1 (C=C).- MS: 
, Calc for CIIHIEO: 166.1358), 125 (30), 110 (9), 107 (6), 97 (17), 

55 (100). 

1-l 3r-kllvl-2 (IO), 
Ti -a stirred acueous solution of 2.4.4-trimethvl-cvclohex-2-enone (7)39 (23.8 g. 
0.17 mol) and TiClr (22 ml, 0.2 molj in CHzCl; (450 ml) at -78'C ‘a-solution of 
allyltrimethylsilane (35 ml, 0.22 mol) in CHzClz (50 ml) was added. After 12h at 
-78-C saturated aq. NaHCO3 (400 ml) was added. The mixture was allowed to warm to 
2O'C and was then worked up as usual. Fractional distillation gave 10 (25.3 g) 
and a residue of 2.8 g, which on LC (hexanes - ethyl acetate 8O:l) furnished a 
second crop of 10 (0.8 g, combined yield 84%) as a colourless oil.- B.p.: 17- 
79'C/26 Pa.- 1H NMR (80 NHz, CsDs): 6 q 0.80 (8, 6H; CH3) 1.14 (d, J = 6.0 Hz, 
XH-CH,), 4.80-6.00 (m, 3H; vinylic H’s).- IR (CClr): 3100 (=CH), 1720 cm-1 
(C=O).- MS: m/z (%) = 180.1514 (5, M+, Calc for ClzHzoO: 180.1514), 165 (I), 139 
(62), 124 (14), 121 (ll), 111 (18), 97 (100). 

A solution of 8 (400 mg, 1.4 mmol) in acetone (20 ml) and 2N HCl (2 ml) was 
refluxed for 66h. After cooling to 20-C ether (20 ml) and saturated aq. NaHCO3 (15 
ml) were added. Usual work-up and NPLC (column C, hexanes - ethyl acetate 1OO:l) 
gave 11 (131 mg, 33%) as a colourless oil and recovered 8 (255 mg, 64%).- IH NNR 
(80 NHz, CDC13): 8 = 1.02 (6, 3H; CH,), 1.18 (s, 3H; CH3), 4.85-6.02 (m, 3H; 
vinylic H's), 7.12-7.35 (m, 5H; Ar-H's).- IR (CC14): 3070 (=CH), 1710 cm-1 (C=O).- 
MS: m/x (%) = 288.1548 (80, M+, Calc for C1rHarOS: 288.1548), 179 (44), 178 (40), 
123 (92), 110 (go), 55 (IOO), 41 (99). 
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A solution of 8 (900 mg. 2.65 mmol), P-TsOH (25 mg, 0.15 mmol) and 1.2-ethanediol 
(0.3 ml, 5.4 mmol) in~CHClr (40 mlj.was refluxed for 3h u6ing.a soxhiet apparatus 
(CaHz as water trap). After cooling to 20-C saturated NaHCO3 (15 ml) was added. 
Usual work-up and LC (hexanes - ethyl acetate 5O:l) provided 18a (888 mg, 87%).- 
M.P. 76-77-C (from hexane).- 1H NMR (80 MHz, CDC13): 6 q 0.88 (8, 3H; CHI), 0.97 
(s, 3H; CHs), 2.80-3.35 (m, 2H; -CH2-8-), 3.78-4.23 (m, 4H; (O-CH2)2), 
4.75-6.14 (m, 3H, vinylic H's), 7.02-7.42 (m, 5H; Ar-H's).- IR (CC14): 3080, 3070 
(=CH), 1680, 1640, 1580 cm-l (C=C).- H8: m/z (%) = 332.1813 (1.6, H+, Calc for 
C20H2002S: 332.1810), 287 (3), 223 (63), 161 (53), 99 (100). 

J+)-3c-AIIvI _ _. 4.4 d=thvI __ 2r n_thvI-CvclobgfqgpakaULaDe 1.2 u _ _. 

19a was prepard as described for 18a. MPLC ( hexanes - ethyl acetate 15:l) furni- 
shed pur; •l~8g(:7%) and ac;;f mixture of 19a and 18a (71%).- IH NMR (80 MHz, 
CDC13): 8, 3H; 0.91 (8, 3H; CH3), 2.87 and 3.24 (AB part of an 
ABX-system, JAI = 7 Hz, 

(0-CH2)2), 
Jxx = 5.5 Hx, ~JAI~ = 12 Hz, 2H; -CHr-S-), 3.80-4.00 (m, 

4H: 
(cCi4j: 

4.84-5.07 (m, 3H; vinylic H's), 7.08-7.43 (m. 5H; Ar-H's).- IR 
3080((=CH), 1680, 1640 and 1585 cm-1 (C=C).- MS: m/z (%) = 332.1810~(0.1, 

W+, Calc for CxoHxrO2S: 332.1810), 223 (l), 178 (3), 84 (100). 

To a solution of a 1:9 mixture of 18a and 19a (107 mg, 0.32 mmol) in CH2Clz (5ml) 
-10-C a suspension of HCP8A (85% 0.32 mmol) in CH2C12 (15 ml) was 

$ded. The mixture was allowed to war; t~"2~"'logi15 min) and 10% aq. NasCO3 (20 ml) 
was added. Usual work-up and NPLC (column B, hexanes - ethyl acetate - NRtt 
1:l:O.l) gave four isomers; 
and 18~ -(4 mg, 

19b (62 mg, 55%), 19c (34 rag, 30%), 18b (6.5 mg, 6%) 
4%). Only 18b was crystalline while the others were colourless 

sirups. Pure 18a was oxidized with MCPBA to give 18b (59%) and 18~ (36%). 

J~)-(2E~-3t-~vl-2rTTIEI)-henrenesulfvll 4.4 direthvl_cvc etha- _ _ 
__ ace- 

M.D. 139-140-C (from hexane - ethanol).- IH NMR (80 MHz, CDClr): 8 = 0.90 (6, 3H; 
CH;), 0.94 (8, ‘3H; CH3), 2.00-3.10.(m, 4H; aliylic His and -CHr-SO-), 4.00 (8, 
W112 q 2 Hz, 4H; (0-CH2)2), 4.74-5.98 (m, 3H; vinylic H's), 7.40-7.70 (m, 5H; Ar- 
H's).- IR (CC14): 3070 (=CH), 1635 (C=C), 1045 cm-1 (MO).- MS: m/z (%) = 348.1761 
(1.7, n+, talc for C2OH3803S: 348.1759), 331 (6), 305 (5), 223 (58), 99 (100). 

(x)-(28)-3t-A&&& 2r I( I __ R- -11 _ _ 4.4 diraethY1_cvclohexanone etha- 

'H NM? (80 MHz, CDCl3): 8 = 0.64 (8, 3~; CH~), 0.88 (8, 3H; CH3), 2.81 and 3.18 
(AB part of an ABX-system, Jnx = 8.5 Hz, Jox = 2.5 Hz 
), 3.92-4.12 (m, 4H; (0-CHa)z), 4.77-5.82 (m 3H; ~i~yl:~'8'r,","l;-f~~O-~~~-~~~ 
Ar-H's).- IR (CClr): 3060 (=CH), 1040 cm-l i>so) .- MS: m/z (4) A 34811767 il.6, 
R+, Calc for CxoH2aO3S: 348.1759), 331 (5), 305 (4), 223 (48), 99 (100). 

(f)-(2S)-3c-w I( ) _ _ "_ b-11 _ -. 4.4 m-cvcv et&& 
cm (18bL 

'H NMR (80 MHz, CDCla): 6 = 0.76 (8, 3H; CH3), 0.96 (8, 3H; CH3), 1.20-2.95 
(complex of m's, containing -CHn-SO-), 3.98 (8, WI/~ = 2 Hz, 4H; (O-CHz)z), 4.96- 
6.16 (m, 3H; vinylic H's), 7.45-7.75 (m, 5H; Ar-H's).- IR (CClr): 3080 (=CH), 1050 
cm-1 (>SO).- MS: m/x (%) = 348.1761 (2, H+, Calc for CzoHxrC,S: 348.1759), 331 
(7), 305 (5), 223 (66), 99 (100). 

ne 1.2-v r19a 
'H NHR (80 MHz, CDC13): 6 = 0.85 (6, 3H; CH3), 0.91 (8, 3H; CH3), 3.66 and 4.17 
(A8 part of an ABX-system, JAx = Jsx = 6 Hz, 
4.17 (m, 4H; (0-CHz)3), 4.79-5.91 (m, 3H; 
H's).- IR (CClr): 3070 and 3080 (=CH), 1050 

m/z (%) = 348.1764 (1. W*. 
;bjT 2s (61), 99 (100). 

Calc for CZOH2&3S: 348.1759), 331 (5), 305 

l68 and 16b from 
To a solution of 18a (500 mg. 1.5 mmol) in CHzCla (40 ml) at O'C a suspension of 
MCPRA (85%, 1050 lag, ‘5.2 m&l) in CRICI3 (10 ml) was added. The mixture was then 
stirred at 20-C for 12h. Addition of saturated NaHCO3 (50 ml), work-up and MPLC 
(column B, hexanes - ethyl acetate 5:l) furnished a mixture of 16a and 16b and 
small samples of pure 16a and 16b (combined yield: 561 lag, 92%). 

M.p. 109-110'~ (from CC14).- 1H NMR (80 MHz, CDC13): 8 = 0.89 (8, 3H; CH3), 0.98 
(8, 3H; CH3), 3.22 and 3.46 (AB part of an ARX-system, Jnx q JBX = 2.8 HZ, ~JAI~ = 
14 Hz, 2H; -CH2-802-), 
(CC14): 3050 (=CH), 

3.66-3.91 (m, 4H; (0-CH3)3), 7.39-7.94 (m, 5H; Ar-H's).-(;R 
1150 and 1305 cm-1 (>S02).- H8: m/z (0) = 239 (100, 

SC2Ph)*), 99 (97), 84 (48), 55 (36), 41 (37). (Found: C, 63.10; H, 7.48. C2oH2rOsS 
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(380.5) requires C, 63.13; W, 7.42). 
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jf)-[2E)-2r-RgthvI __D-_ 3t I(,) 2.3 B-oroovl] - _. &4 dlmgthvl-cvclo- 

l4.p. 104'C (from CClr).- 1H NMR (80 NHz, CDCla): 8 = 0.84 (8, 3H; CHJ), 0.89 (8, 
3H; CH,), 
IR (CClr): 

3.13-3.90 (m, 6H; (0-CHz)z and -CHa-SOz-), 7.31-7.90 (m, 5H; Ar-H'sc)n~ 
3060 (=CH), 1150 and 1305 cm-1 (X302).- MS: m/z (%) = 239 (100, 

SOsPh)+), 99 (81), 55 (23), 41 (21). (Found: C, 63.15; H, 7.52. C2oHarOsS (380.5) 
requires C, 63.13; H, 7.42). 

As described above a mixture of 19b and 19c was oxidized with MCPSA to give after 
HPLC (hexanes-ethyl acetate 1O:l) crystalline 17a (45%) and 17b (47%, colourless 
oil). 

If)-(2Z)-2r_Benzenesulfonvlmethvl 3~ r( ) 2.3 epoxv-vrovvl~Ql __E- - _ _. 
_cvclohexanone etbaw _ -. 1.2 divl acetal (17al, 
M.D. 145-146-C (from hexane ethanol).- 1H NNR (80 MHz, CDCls): 8 = 0.91 (6. 3H: 
CH;), 1.00 (8, 3fi; CHs), 3.77 (narrow m, W1/2 q ‘8 HZ, iH; (O-CH2)2), 7.41-8106 (m; 
5H; or-H's).- IR (KBr): 3050 and 3060 (=CH), 1145, 1280 and 1295 cm-1 (>SOn).- MS: 
m/z (%) = 239 (100, (M-S02Ph)+), 99 (82), 69 (21), 55 (271, 41 (25). (Found: C, 
62.86; H, 7.40. C20H2rOas (380.5) requires C, 63.13; H, 7.42). 

+- E_ _ 

~vclo-hexanone ethene 1.2 dW acetal _ _ (llkL 
‘H mm (80 MHz, CDC13): 8 q 0.87 (8, 3H; CBS), 0.99 (8, 3H; CHJ), 3.24 ("d", J = 5 
Hz, 2H; -CH2-SO2-), 3.78 (m, WIIZ = 6 HZ, 4H; (0-CH2)2), 7.49-8.03 (m, 5H; Ar- 
H's).- IR (CC14): 3060 (=CH), 1145 and 1305 cm-1 (>SO2).- MS: m/z (%I = 239.1648 
(65, (M-SOnPh)+, Calc for C14H2303: 239.1647), 141 (18), 139 (131, 99 (loo), 55 
(51), 41 (57). 

A solution of LDA 10.32 mmol) in drv THP (2 ml) was cooled to -78'C and was then 
added at -78'C to a soluti& of 16a (50‘mg, '0.13 mmol) in dry THF (3 ml). The 
mixture was stirred at -78'C for lh and was then diluted with ether (2 ml) and 
water (3 ml). Usual work-up and NPLC (column A, hexanes - ethyl acetate 2:l) gave 
12a (37.5 mg, 75%). 
Using the same conditions 16b was converted into 12b (81%), 17a into 15a (84%), 
and 17b into 15b (74%). 

__ _ _ 

~D9ethanal.l - _. 
M.p. 188-189-C (from hexane - ethanol).- 'H NMR (80 MHz, CDC11): 6 = 0.83 (8, 3H; 
CH,), 0.89 (8, 3H; CHI), 3.37-3.89 (m, 7H; (O-CH2)2, XH-S02-, -CH2-OH), 7.40-8.00 
(m, 5H; Ar-H's).- IR (CHC11): 3520 (OH), 3010 (=CH), 1145 and 1290 cm-1 
(X302).- MS: m/z (%) = 239 (100, (M-SO2Ph)+), 211 (5), 177 (5), 159 (9), 99 (33). 
(Found: C, 62.93; H, 7.44. c20H2aOsS (380.5) requires C, 63.13; H, 7.42). 

M.P. 137-138-C (from hexane - ethanol).- 'H NMR (80 MHz, CDC13): 6 q 0.90 (6, 3H; 
CHa), 0.92 (8, 3H; CHJ), 2.97-4.53 (m, 7H; (0-CH2)2, XH-S02-, -CH2-OH), 7.40-7.90 
(m, 5H; Ar-H's).- IR (CCl4): 3520 (OH), 3060 (=CH), 1135 and 1285 cm-1 (>SOn).- 
MS: m/z (%) = 365 (0.7, (N-CHs)+), 316 (0.9), 298 (0.0, 239 (loo), 99 (48). 
(Found: C, 63.10; H, 7.50. C2oHzsO5S (380.5) requires C, 63.13; 8, 7.42). 

_(*I-3c-Benzenesulfonrl _ _ 2t hmthvl -7.7-d~+,,vl_(3ar.7a~,-o‘-tahvdro _. __ Inden 4 
tal (15a), 

H.V. 183-184-C (from hexane - ethanol).- IH NMR (80 MHz. CDC13): 6 = 0.88 Is. 3H: 
CH;), 0.98 (8, 3fi; CHJ), 3.40-4.41 (m,'7H; (0-CHzjz, >CHhO2-, k&-OH), 7.i017.9i 
(m, 5H; Ar-H's).- IR (CClr): 3510 (OH), 3060 (=CH), 1145, 1285 and 1305 cm-1 
(>SOz).- MS: m/z (%) = 380 (0.7, M+), 365 (0.7), 309 (0.6), 239 (64), 99 (100). 
(Found: C, 63.18; H, 7.40. C2oH2110sS (380.5) requires C, 63.13; H, 7.42). 

-(3ar.7ac)-octuro m _. - 
ethane _ _ 1.2 divl acea (15bL 

167-17O'C (dec., from hexane - ethanol).- 'H NNR (80 Wiz, CDCl,): 8 q 0.87 (6, 3H; 
CHa), 1.00 (6, 3H; CHa), 3.36-4.38 (m, 7H; (0-CH2)2, XH-SOz-, -C&-OH), 7.45-7.98 
(m, 5H; Ar-H's).- IR (CHCll): 3500 (OH), 1135 and 1285 cm-1 (>SO2).- MS: m/z (%) = 
365 (0.5, (II-CHa)+), 239 (82), 99 (100). (Found: C, 63.21; H, 7.46. C2oH2aOsS 
(380.5) requires C, 63.13; H, 7.42). 

a) To a solut'ion of 12b (101 mg, 0.27 mmol) in DMSO (3 ml) solid KOH (30 mg, 0.53 
mmol) was added. The mixture was stirred for 15 min at 20-C, and then Me1 (50 ~1, 
0.80 mmol) was added. After stirring for 30 min, the mixture was diluted with 
CH2Cln (25 ml) and water (5 ml). The organic layer was evaporated, redissolved in 
acetone (10 ml) and 2N HCl (2 ml), and this mixture was refluxed for 15 h. After 
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cooling to 20-C usual work-up and MPLC (column B, hexanes - ethyl acetate 1O:l) 
furnished 126 (81 mg, 81%, colourless crystals) alongside with 14 (5.5 mg, lO%, 
colourless oil). 
Using the same procedure, 12a was converted into 12c (93%). 
b) Using a slightly modified procedure 15b (15 nag, 39 mmol) was treated with solid 
KON (10 mg, 0.18 mmol), Me1 (20 pl, 0.32 mmol) in hexane (15 ml), followed by 
treatment with p-TsOH (3 mg, 16 nmol) in acetone (10 ml) and water (2 ml), to give 
after LC (hexanes - ethyl acetate 5:l) 156 (9.8 mg, 71%). 
Using procedure b), 15a (100 mg, 0.26 mmol) was converted into 15c (50%, colour- 
less crystals) and 13 (27%, colourless oil). 

__ 2t ~thvlvl-(3par,7at)-oct.&vdro-~ _ _’ _ _ 

145-146-C (from ethanol).- 1H RI4R (400 MHz, Cr~6, COSY): 8 = 0.60 (6, 3H; 
0.74 (8, 3H; WI-~), 1.00-1.18 (m, 2H; CH2-6), 1.46-1.70 (m, 3H; CH2-1, 

7a-H), 1.88-1.94 (m, 2H; CHZ-5), 2.86 (8, 3H; OCHI), 2.89-2.99 (m, 2H; CHZ-lo), 
3.01-3.08 (m, 1H; 2-H), 3.20 (m, J3a,7a = 12.5 Hz, Jza,r = 10.0 Hz, 1H; 3a-H), 
4.00 (m, 53.2 = 5.0 Hz, J3,,a = 10.0 Hz, 1H; 3-R)) 
7.92-7.95 (m, 2H; 

6.96-7.04 (m, 3H; M-H's), 
Ar-H's).- 'H KMR (400 MHz, CDClr, 

9), 1.06 (6, 
COSY): 6 q 0.92 (8, 3H; WI- 

3H; CHs-8), 1.44-1.52 (m, 1H of CHZ-6), 1.64-1.75 (m, 4H; CHz-1, 1H 
of CH2-6, 7a-H), 2.06-2.13 (m, 1H of CHz-5), 
W1/3 = 15 Hz, 

2.26-2.34 (m, 1H of CHz-5), 2.88 (m, 
1H; 2-H), 3.02-3.12 (m, 3H; H-3a, CHz-lo), 3.14 (8, 3H; OCHt), 3.65 

(m, Jr.2 = 5.0 Hz, J3,3* = 10.0 Hz, 1H; H-3), 7.47-7.61 (m, 3H; Ar-H's), 7.84-7.87 
. Ar-Ii’s).- 13C KMR (100.6 MHz, CDCls, DEPT): 8 = 18.0 (C-8), 28.9 (C-9), 

33.2 (C-7), 37.8 (C-2), 38.7 (C-5), 42.8 (C-6), 52.7 (C-3a), 56.2 (C- 
63.0 (C-3), 75.1 (C-lo), 128.6, 128.9, 133.6, 138.7 (M-C's), 

;;;.t6(C-;)j- IR (CHCls): 1720 (C=O), 1145 and 1300 cm-l (>SO2).- MS: m/z (%) = 
335 (2), 305 (7), 254 (<l), 209 (55) 193 (lo), 177 (24), 45 (100). 

(Pound: C,+65.22; H, 7.45. C19H2606S (350.5) WqUir;S C, 65.11; H, 7.48). 

__ 2c methoxvmethvl _ _. 7.7 dwthvl-(3ar.7at)-octahvdro lnden _' __ 

136-137'C (from ethanol).- 'H RMR (400 MHz, CDCls, COSY): & = 0.97 (8, 3H; 
1.12 (8, 3H; CH3-8), 1.41-1.55 (m, 3H; 1H of CH2-1, 1H of CH2-6, 7a-H), 

1.66-1.72 (m, 1H of CHa-6), 1.91-1.97 (m, 1H of CHz-5), 2.05-2.14 (m, 1H of CHa- 
5), 2.46-2.56 (m, 1H; 2-R), 3.03 (m, J3*,7a = 12.5 Hz, Jsa.3 = 8.0 Hz, 1H; 3a-H), 
3.37 (6, 3H; OCH,), 3.87 and 4.15 (AB part of an ABX-system, Jnx = 9 Hz, Jsx = 4.5 
;z;,!:A;~ ~~10 ;.z: 2HiHC:;-10), 4.05 (m, Jr.2 = 10.5 Hz, J3,ra = 8.0 Hz, 1H; 3-H), 

7.78-7.82 (m, 2H; Ar-H's).- l3C NMR (100.6 MHz, CDClr, 
DRPT):' 6 = i8.4 ic-8), 29.1 (C-9), 33.2 (C-l and C-7), 38.4 (C-5), 42.4 (C-6), 
42.7 (C-2), 54.0 (C-3a), 56.7 (C-7a), 59.0 (OCHs), 60.6 (C-3), 72.0 (C-lo), 128.5, 
128.9, 133.7, 138.9 (Ar-C's), 205.7 (C-4).- IR (CHCls): 3010 and 3040 (=CH), 1725 
(C=C), 1150 and 1310 cm-1 (>SO2).- H8: m/z (%) = 254 (4), 209 (82, (M-SOzPh)+), 
193 (lo), 177 (21), 45 (100). (Found: C, 65.23; H, 7.47. C19H26ClS (350.5) re- 
quires C, 65.11; H, 7.48). 

__ 2c methoxvmethvl _ _. 7.7 QUBBthvl-(3ar.7ac)-octlnden -. __ 

113-115-C (from ethanol).- 1H KMR (400 MHz, CDC13, COSY): 8 = 0.88 (8, 3H; 
1.17 (8, 3H; CH,-8), 1.40-1.49 (m, 1H of CH2-I), 1.56-1.73 (m, 2H; CH2-6), 

1.87-1.93 (m, 1H of CHa-l), 2.12-2.19 (m, 1H of CHz-5), 2.25-2.34 (m, 1H of CHz- 
5), 2.60-2.69 (m, 1H; 2-H), 2.70-2.77 (m, 1H; 7a-H), 2.92 (m, J3a,7a = 8.5 Hz, 
J,.,J = 2.0 Hz, 1H; 3a-H), 3.24 (8, 3H; OCHs), 3.59 and 3.88 (AB part of an ABX 
system, JAX q 10.0 Hz, Jzx = 5.0 Hz, - 9.5 Hz, 2H; CHz-lo), 4.45 (m, J3.2 = 
8.0 Hz, J3,sa = 2.0 Hz, 1H; 3-H), 3H; Ar-H's), 7.83-7.85 (m, 2H; Ar- 
H's).- "C KMR (100.6 MHz, CDC13, DEPT): 6 = 26.8 (C-9), 28.4 (C-8), 30.0 (C-l), 
31.5 (C-7), 34.7 (C-6), 36.9 (C-5), 40.2 (C-2), 
(CCHo), 

50.5 (C-7a), 52.5 (C-3a), 58.6 
64.3 (C-3), 71.4 (C-10), 127.9, 129.1, 133.5, 139.7 (Ar-C's), 208.6 (C- 

4).- IR (CC14): 3030 (=CH), 1715 (C=O), 1145 and 1305 cm-l (>SO2).- MS: m/Z (%) = 
350 (0.1, n+), 305 (0.3), 254 (2), 209 (47), 193 (2), 177 (21), 45 (lOO).- (Pound: 
C, 64.96; H, 7.50. Cl9H2606S (350.5) requires C, 65.11; H, 7.48). 

__ 2t methoxvwethvl 7.7 8mrethvl-[3ar.7acl-octahvdro am& 4 _ -' -. -- 

119-120-C (from hexane).- lH RHR (400 MHz, CDClz, COSY): 6 q 0.91 (8, 3H; 
0.91-1.13 (m, 1H of CH2-l), 1.26 (s, 3H; CH3-8), 1.53-1.60 (m, 1H of CRz- 

6), 1.70-1.79 (m, 1H of CHz-6), 1.88-1.95 (m, 1H of CHn-l), 2.20- 2.28 (m, 1H of 
CHz-5), 2.29-2.36 (m, 1H; 7a-H), 2.43-2.51 (m, 1H of CHr-5), 2.55-2.65 (m, 1H; 2- 
R). 2.98-3.00 (m, 2H; CH2-lo), 3.08 (8, 3H; OCHI), 3.19 (m, J3a,7a = 7.5 Hz. lH; 
3a-H), 4.09 (m, J3.2 = 1.5 Hz, J~,za q 6.5 Hz, 1H; 3-H), 7.51-7.63 (m, 3H; Ar- 
H's), 7.88-7.90 (m, 2H; Ar-R's).- 1rC NMR (100.6 MHz, CDCls, DRPT): 8 = 27.7 (C- 
8), 28.6 (C-9), 31.4 (C-l), 31.6 (C-7), 34.7 (C-6), 37.4 (C-5), 39.3 (C-2), 51.5 
(c-3a), 53.6 (C-7a), 58.7 (OCHa), 63.7 (C-3), 74.7 (C-lo), 128.5, 129.1, 133.6, 
138.2 (Ar-C'S), 207.9 (C-4).- IR (CC16): 3060 (=CH), 1710 (C=O), 1145 and 1305 cm- 
1 (>SO2).- MS: m/z (%) = 350 (3, K+), 335 (l), 305 (2), 254 (1), 209 (48), 193 
(5), 177 (21), 45 (100). (Found: C, 65.07; H, 7.59. ClSH26CIS (350.5) requires C, 
65.11; H, 7.48). 
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To a solution of sodium methoxide, prepared from sodium (5 mg, 0.22 Mel) and dry 
methanol (5 ml), 156 (40 mg, 0.11 mmol) was added. The mixture was stirred for 30 
min at 2O'C. Work-up and LC (hexanes - ethyl acetate 1O:l) gave 14 (20 mg, 85%). 

(7ar1-1.2.5.6.7.7a-hexahvdro -. __ 
'H RMR (80 MHz, CDClr): 8 = 0.82 (8, 3H; CHJ), 0.99 (6, 3H; CHa), 3.22-3.34 
(complex of m's containing s at 3.33, 5H; -C&-OC&), 6.57 (X part of an ABX 
system, Jnx+J~x q 4 Hz, 1H; vinylic H).- IR (CClr): 1680 (C=O), 1615 cm-1 (C=C).- 
MS: m/Z (%) = 208.1467 (10, IV, CalC for ClJH2002: 208.1463), 163 (27), 45 (100). 

As described for 156 -> 14, 12~ (50 mg, 0.14 mmol) was converted into 13 (15 mg, 
51%), 18 mg ( 36%) of 12c were recovered. 

JH WMR (80 MRz, 
(complex of m's, 

CDc13): 8 = 0.82 (6, 3H; 
containing a at 3.30, SH; 

CHs). 0.99 (6, 3H; 
-&2-OC&), 

CH3), 3.22-3.40 
6.52-(X pari of an ABX 

system, J&xtJBx q 4 Hz, 1H; vinylic H).- IR (CClr): 1680 (C=O), 1615 cm-1 (C=C).- 
MS: m/z (%) = 208.1463 (10, W+, Calc for C13HzoOz: 208.1463), 163 (29), 45 (100). 

To a suspension of 18b and 18c (53 mg, 0.15 mmol) in hexane (4 ml) trifluoro- 
acetic anhydride (135 ~1, 0.96 mmol) was added at 20-C. A clear solution resulted 
which was stirred for 20 min. After addition of saturated aq. NaHCO3 (4 ml), the 
mixture was worked-up as usual. MPLC (column B, hexanes - ethyl acetate 4O:l) 
furnished a mixture of 20a and 21a (53.5 mg, 79%).- 'H NMR (80 MHz, CDC13): 8 = 
0.89 (CHI), 0.91 (2 CHr) and 0.93 ( CH3), 2.99-4.29 (m, (0-CH2)2 and CH-S-), 4.52- 
5.10 and 5.10-5.27 (2m, XH-COzCFs of 20a and 21a), 7.13-7.47 (m, Ar-H's).- IR 
;;;;4): 3070 (=CH), 1780 cm-1 (C=O).- MS: m/z (%) = 429 (1, (H-CH3)+! 400 (l), 335 

99 (100). (Found: C, 59.50; H, 6.26. CznH27FsO4S (444.5) requires C, 59.45; 
H, 6112). 

Zpp and 2lb from inc._ 
To a mixture of 18b and 18c (2.73 o. 7.8 mmol). dissolved in hexane 170 ml1 and 
CC14 (30 ml), trifluoroacetic anhyhride (13 mi; 92 mmol) was added at 2O.c: The 
mixture was stirred for 30 min, then evaporated to dryness, and the residue was 
dissolved in hexane (50 ml). To this solution water (0.5 ml, 28 mmol) and solid 
potassum hydroxyde (560 mg, 10 mmol) were added. The mixture was refluxed for 15h, 
then cooled to 2O'C, and water (15 ml) was added. 
columns C were connected, 

Usual work-up and MPLC 5;; 
hexanes - ethyl acetate 2O:l) gave 20b (1.50 g, , 

colourless sirup) and 21b (0.39 g, 14%, colourless crystals). 

(4ar,8at)-octahvdro-naowen 1 __ 
cetal m 

IH WMR (80 MHz, CDC13): 8 = 0.88 (8, 3H; CH3), 0.92 (8, 3H; CH3), 3.10-3.60 (m, 
* >CH-S- and V-&OH), 

:$cclr): 
3.83-4.20 (m, 4H; (0-CH2)2), 7.11-7.47 (m, 5H; Ar-H's).- 

3620 and 3600-3200 (OH), 3070 cm- 1 (=CH).- MS: m/z (%) q 348 (27, M+), 
239 (73), 159 (2), 99 (100). (Found: C, 69.00; H, 8.12. C2OH2203S (348.5) requires 
C, 68.93; H, 8.10). 

9ne ethan9 - 1.2 -. dlvl 
M.P. 130-131'~~ (from hexane).- 1H WMR (80 MHz, CDC13): 8 = 0.85 (6, 3H; CHs), 0.91 

* CH3) 
kH$:- IR (klr) 

3.50-4.28 (m, 6H; (O-CH2)2, >CH-S- and >C&OH), 7.10-7.46 (m, 5H; 
: 3630 and 3600-3300 (OH), 3070 (=CH), 1585 cm-l. - MS: m/z (%) 

= 348.1760 (19, M+, Calc for CzoHas03S: 348.1759), 239 (64), 159 (20), 99 (100). 

2Qs and lit 18~ and 
First 18c (80 mg, 0.23 mmol) was converted to a mixture of 20b and 21b as des- 
cribed above. Then sodium methoxide (15 mg, 0.26 mmol), dissolved in methanol (15 
ml), was added and the mixture was stirred for 5h at 20-C. After work-up, the 
crude material was dissolved in CH2Cla (15 ml), and MCPBA (85%, 110 mg, 0.54 mmol) 
was added. After stirring at 20-C for 30 min, work-up and MPLC (column B, hexanes 
- ethyl acetate 2:l) provided 2Oc (49 mg, 56%) and 2lc (18 mg, 21%) as colourless 
crystals. Using the same procedure, 18b was converted to 2Oc and 2lc in 18% and 
52% yield, respectively. 

20b was converted to 2Oc as described for 18a -> 16a,lBb (2 equiv. of MCPRA were 
used). LC (hexanes - ethyl acetate 2:l) furnished 2Oc in 85% yield. 

M.P. 157-158-C (from CClr).- 1H WMR (400 MHz, DMSO-dr, COSY): 8 = 0.77 (8, 3H; 
CHr-9), 0.87 (8, 3H; C&-10), 0.87-0.96 (m, 1H; 5-H), 1.23-1.43 (m, 5H; 1H of CHZ- 
2, CHz-3, la-H and 1H of CHz-71, 1.57-1.63 (m, 1H of CHz-2), 1.80-1.95 (m, 2H; 1H 
Of CHz-5 and 1H Of CHz-7), 2.14 (dd, Jsa,ra = 12.5 Hz, Joa. = 8.0 Hz, 1H; 8a-H), 
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3.40-3.55 (m, 21i; 6-H and 8-H), 3.11-3.17, 3.55-3.61, 3.61-3.68, and 3.68-3.75 
(rim, 4H; CHz-l'and CHZ-2'), 4.53 (d, J = 5.0 Hz, 1H; OH), 7.57-7.02 (m, 5H; Ar- 
H’s).- “C-NMK (100.6 NHz, DMSO-dr, DEPT): 8 = 18.8 (C-9), 29.9 (C-lo), 29.9 and 
3&(C-2, C-3), 32.6 (C-41, 3s1i,\C-5), 35.0 (C-7) 42.2 (C-4a), 44.1 (C-8a), 59.9 

62.9 and 63.5 (C-l 66.4 (C-6), 108.2 (C-l), 127.4, 128.9, 132.5, 
141.8'(Ar-C's).- IR (KBr): i480 (OH!, 3060 (=CH), 1125 and 1295 cm-1 (>SOz).- H8: 
m/z (%) = 365 (1, (H-CH,)+), 239 (loo), 159 (15), 99 (60). (Found: C, 62.98; H, 
7.40. C20H21OsS (380.5) requires C, 63.13; H, 7.42). 

M.p. 222-C (from ethanol).- 1H NNR (400 MHz, DMSO-ds, COSY): 6 = 0.79 (8, 3H; CHa- 
0.86 (8, 3H; CHJ-lo), 1.15-1.64 (m, 8H; CH1-2, (X1-3, 4a-H, CH1-5, 1H of CH1- 
2.07 (dd, Js.,r. = 11.5 Hz, J1a.a = 3.0 Hz, 1N; 8a-H) 2.21-2.30 (m, 1H of CH1- 

7), 3.30-3.33 (m, 1H; 8-H), 3.43-3.50, 3.57-3.64, 3.68-3.75, and 3.78-3.85 (4m, 
4H; CH2-1' and C&-2'), 4.05-4.13 (m, 1H; 6-H), 4.63 (d, J = 4.5 Hz, 1H; OH), 
7.59-7.81 (m, 58; Ar-H's).- 1X! NNR (100.6 HHz, DNSO-ds, DEPT): 6 = 18.2 (C-9), 
28.3 (C-7), 29.4 (C-lo), 30.2, 31.5 and 37.8 (C-2, C-3 and C-5), 31.9 (C-4), 38.8 
(C-4ali84i.0 (C-8a), 58.2 (C-8), 62.1 (C-6), 63.5 and 66.0 (C-l', C-2'), 108.8 (C- 
l), 129.0, 133.4, 138.8 (Ar-C's).- 
1285 and.1295 cm-1 (SO2).- MS: 

IR (KBr): 3490 (OH), 3050 (=CN), 1135, 
m/z (%) = 365 (1, (H-CH1)+), 239 (loo), 159 (18), 

99 (70). (Found: C, 63.19; H, 7.44. C2OHZOC5S (380.5) require6 C, 63.13; H, 7.42). 

1-) 6c Methoxv 4.4 dinethvl 8t Xfanvl-(ooctahvdro-n8~W&~n l 
Qzf2&-- -- 

__ 

To a solution of 20b (1.36 g, 3.9 mmol) in hexane (70 ml) solid KOH (330 mg, 5.8 
mmol) was added, and the mixture was refluxed for 10 min (KOH dissolved slowly). 
After cooling to 20-C, Me1 (0.37 ml, 5.9 mmol) and DNSO (20 ~1) were added. The 
mixture was stirred at 20'C for 36h and then worked up as usual. The crude 
product was taken up in acetone (80 ml), and p-TsOH (10 mg, 58 nmol) dissolved 
in water (5 ml) was added. Refluxing for 15 h, followed by work-up and MPLC 
(column C, hexanes - ethyl acetate 1O:l) provided 206 (915 mg, 74%).- 'H NNR (80 
MHz, CDC11): 8 = 0.94 (s, 3H; CH1), 1.09 (8, 3H; CH1), 2.70-3.40 (complex of m'a 
containig s at 3.28, 5H; XH-8- and >CN-OC&), 7.21-7.59 (m, 5H; Ar-H's).- IR 
(CClr): 3060 (=CH), 1720 (C=O), 1585 cm-'.- MS: m/x (%) = 318.1653 (1, M+, Calc 
for C19H1601S: 318.1653), 195 (3), 86 (65), 84 (100). 

(f)-6t- 
l-one c2LQL 
21b was converted to 216 as described above. MPLC (hexanes - ethyl acetate 15:l) 
gave 216 in 71% yield.- IH NMR (80 NHz, CDClz): 8 = 0.93 (6, 3H; CH1), 1.09 (8, 
3H; CH1), 2.05-3.87 (complex of m's containing 8 at 3.18, 5H; XH-S- and >CH- 
@X1), 7.18-7.57 (m, 5H; Ar-H's).- IR (CClr): 3060 (=CH), 1725 cm-1 (C=O).- MS: 
m/z (%) q 318.1653 (100, M+, CaIc for Cl9H2602S: 318.1653), 286 (18), 208 (25), 
177 (54). 

+)-6c- 
l-one (221% 
To a solution of 206 (915 mg, 2.9 mmol) in CH2C12 (150 ml) a suspension of MCPRA 
(85%, 584 mg, 2.9 mmol) in CH2Cln (30 ml) was added. The mixture was stirred at 
20-C for 15 min, then the solvent was evaporated, the residue redissolved in 
toluene (30 ml) and NEt3 (1.5 ml), and the solution was heated to 1lO'C for 30h in 
a sealed vessel. Cooling to 2O'C, working up as usual and NPLC (column C, hexanes 
;sethyl ac;;st;e 1O:l) furnished 22 (440 mg, 73%).- 1H NNR ~80%4Hz, CDC11): 8 = 0.91 

4H; 
3H; , 1.08 (8, 3H; CHil), 3.23-3.80 (complex of m 6 containing s at 3.30, 
>q-OCR), 6.73-6.87 (m, 1H; vinylic H).- IR (CC14): 1695 (C=O), 1620 cm-1 

(C=C).- MS: m/z (%) = 208.1469 (46, M+, Calc for C11H1002: 208.1463), 193 (6), 177 
(25), 176 (31), 150 (45), 135 (loo), 120 (66), 107 (56). 

1-(4ar)-3.4.4a.5.6.7-hQ&wdro __ 2H 8&&h#&& 
l-one (23), 
As described for 22, 216 was converted to 23 in 61% yield.- 'H NNR (80 MHz, 
CDCls): 0.79 (8, 3H; CH3), 1.08 (8, 3H; CHJ), 3.35 (8, 3H; OCH1), 3.61-3.79 (m, 
W1/2 = 9 Hz, 1H; XN-OCHJ), 6.75-6.90 (m, 1H; vinylic H).- IR (CClr): 1690 (C=O), 
1620 cm-1 (C=C).- MS: m/z (%) = 208.1463 (12, M+, Calc for Cl3H2002: 208.1463), 
193 (3), 135 (24), 120 (40), 100 (60), 72 (100). 

. . 
of 22 <thvl ioQrQa, 

Trimethylstannyllithium was prepared from trimethyltin chloride (550 mg, 2.75 
mmol) and lithium (50 mg, 7.25 mmol) in dry THP (5.5 ml) by the procedure of 
8oloski.4o The dark green solution was cooled to -78'C and was then added to a 
cooled (-78'C) solution of 22 (290 mg, 1.4 mmol) in dry THF (3 ml). The mixture 
was stirred at -78'C for 15 min and then slowly warmed to -lO'C. Me1 (0.18 ml, 2.9 
mmol) was added. Stirring at -1O'C for 15 min, warming to 2O'C, quenching with 
water (5 ml), usual work-up, and MPLC (column C, hexanes - ethyl acetate 2O:l) 
furnished 25 (75 mg, 14%) and 24 (330 mg, 61%) as COIOUrIeSS oils. 
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_ _ 
I-one (24). 

1-(4ar,8atl-octahvdro __ 2H D 

1H NXR (400 MHz, CDClr, COSY): 8 = 0.05 (8 and 2d's, J117ra.111 = 49 Hz, J119sn.1~ 
= 51 Hz, 9H; Sn(CH1)1), 0.93 (s, 3H; CHs-lo), 1.00 (8, 3H; CH,-ll), 1.29 (8, 3H; 
C&-9), 1.39-1.44 (m, 2H; 4a-H and 50-H), 1.50 (dd, Ja.7 = 2.5 Hz, Je.,71 = 5.0 Hz, 
1H; 8-H), 1.55-1.65 (m, 1H; 3a-H), 1.72-1.83 (2m, 2H; 3S-H and 1H of CHz-7), 1.88- 
1.94 (m, 1H; 5a-H), 2.08-2.13 (m, J7.71 = 13.5 Hz, 1H of CHa-7), 2.15-2.21 (m, 1H; 
2a-H), 2.72-2.82 (m, 1H; 2&H), 2.91-3.00 (m 1H; 6-H), 3.34 (8, 3H; OCH1).- 11C 
NMR (100.6 HHz, CDCl,, DEPT): 8 q -7.5 (Sn(CH1)3, (also 26, J1179n.13~ = 122 Hz, 
J1199n.11~ = 127 Hz)), 21.2 (C-11), 21.5 (C-lo), 28.5 (C-7), 30.7 (C-5), 31.9 (C- 
9), 32.7 (C-4), 33.9 (C-4a), 35.0 (C-3), 40.5 (C-2), 49.6 (C-8), 51.5 (C-8a), 55.9 

79.7 (C-6), 217.8 (C-l).- IR (CClr): 1700 cm- 1 (C=O).- MS: m/z (%) = 373 
(M-CH3)+), 175 (20), 173 (25), 165 (53).- (Found: C, 52.68; H, 8.35. 

C17H;102Sn (387.1) requires C, 52.74; H, 8.33.) 

s&o-naohthalene 
'H NMR (80 HHz, CDCls): 6 q 0.05 (8 and 2d's, J1179a.1~ = 49 Hz, J1199n.111 = 51 
Hz, 9H; Sn(CH1)1, 0.80 (6, 3H; CH1), 0.92 (8, 3H; CH1), 2.90-3.25 (m, lH; >CH- 
OCH1), 3.35 (8, 3H; OCH1), 3.44 (8, 3H; OCH1).- IR (CClr): 1655 cm-l (C=C-OR).- 
MS: m/z (%) = 388 (1, MI), 373 (3), 223 (81), 165 (loo), 86 (64), 84 (97).- 
(Found: 384.1423. C17HsnOz1i6Sn requires 384.1420) 

m- We wish to thank Dr.D.MUller and Dr.W.Dietrich and their staffs 
for the MS and NMR spectra. Financial support by the Fond8 der Chemischen In- 
dustrie and the Minister fur Wissenschaft und Forschung des Landes Nordrhein- 
Westfalens (PhD grant to D.N.) is gratefully acknowledged. 

1) 

2) 

3) 

4) 

5) 
6) 

7) 

8) 

9) 

10) 
ll) 
12) 

13) 

14) 

15) 
16) 
17) 
18) 

19) 
20) 

21) 
22) 
23) 
24) 

Dedicated to our colleague and friend Prof.GUnther Snatxke on the occasion 
of his 60th birthday. 
Reviews: N.J. de Souza, A.N.Dohadwalla, and J.Reden, Medicinal Research 
Reviews 3, 201 (1983); K.B.Seamon, Ann.Rep.Hed.Chem. 19, 293 (1984). 
Total syntheses of (+)-forskolin: a) S.Hashimoto, S.Sakata, H.Sonegawa, 
and S.Ikegami, J.Am.Chem.Soc. 110, 3670 (1988); b) E.J.Corey, 
P.Da Silva Jardine, and J.C.Rohloff, Ibid. 110, 3672 (1988). 
For a relay synthesis of forskolin, see F.E.Ziegler, B.H.Jaynes, 
and M.T.Saindane, J.Am.Chem.Soc. 109, 8115 (1987); F.E.Ziegler and 
B.H.Jaynes, Tetrahedron Lett. 29, 2031 (1988). 
For potential routes to forskolin via 1,9-dideoxyforskolin, see ref.6-* 
J.Scherkenbeck, D.BBttger, and P.Welzel, Tetrahedron 44, 2439 (1988), 
and references therein; J.Scherkenbeck, M.Barth, U.Thiel, K.-H.Metten, 
F.Heinemann, and P.Welzel, Tetrahedron, in press. 
S.Hashimoto, M.Sonegawa, S.Sakata, and S.Ikegami, J.Chem.Soc., 
Chem.Commun. 1987, 24. 
A microbial oxidation of 1,9-dideoxyforskolin to forskolin has been 
reported by S.R.Nadkarni, P.M.Akut, B.N.Ganguli, Y.Khandelwal, N.J.de Souza, 
R.H.Rupp, and H.W.Fehlhaber, Tetrahedron Lett. 27, 5265 (1986). 
P.R.Jenkins, K.A.Henear, P.Barraclough, and M.S.Nobbs, J.Chem.Soc., 
Chem.Conunun. 1984, 1423. 
K.C.Nicolaou and W.S.Li, J.Chem.Soc., Chem.Commun. 1985, 421. 
Z.-Y.Liu, X.-R.Zhou, and Z.-M.Wu, J.Chem.Soc., Chem.Commun. 1987, 1868. 
F.E.Ziegler, B.H.Jaynes, and M.T.Saindane, Tetrahedron Lett. 26, 3307 
(1985). 
G.Baraldi, A.Barco, S.Benetti, G.P.Pollini, E.Polo, and D.Simoni, 
J.Chem.Soc., Chem.Commun. 1986, 757; c.f. A.P.Kozikowski, S.H.Jung, and 
J.P.Springer, Ibid. 1988, 167. 
J.H.Hutchinson, G.Pattenden, and P.L.Myers, Tetrahedron Lett. 28, 1313 

L!i":A;t A.S.Kotnis and T.A.Broadbent Tetrahedron Lett 28 2799 (1987). 
J.A.OpliAger and L.A:Paquette, Tetrahedion Lett. 28, 5441'(19i7). 
Y.S.Kulkarni and B.B.Snider, Org. Prep.Proced.Int. 18, 7 (1986). 
G.Bold, S.Chao, R.Bhide, S.-H.Wu, D.V.Patel, C.J.Sih, and C.Chidester, 
Tetrahedron Lett. 28, 1973 (1987). 
D.Neunert, Dissertation Ruhr-Universitlt Bochum, 1986. 
Reviews: S.Danishefsky, Acc.Chem.Res. 14, 400 (1981); S.J.Danishefsky and 
M.P.De Ninno, Angew.Chem. 89, 15 (1987), Angew.Chem.Int.Ed.Engl. 26, 15 
(1987). 
T.-H.Chan and P.Brownbridge, J.Am.Chem.Soc. 102, 3534 (1980). 
Review: H.Sakurai, Pure Appl.Chem. 54, 1 (1982). 
B.N.Dilworth and M.A.McKervey, Tetrahedron 42, 3731 (1986). 
B.Corbel and T.Durst, J.Org.Chem. 41, 3648 (1976); B.Corbel, J.M.Decesare, 
and T.Durst, Canad.J.Chem. 56, 505 (1978); Q.Branca and A.Fischli, Helv. 



612 D. NEUNERT et al. 

25) 
25) 

Chim.Acta 60, 925 (1977). 
S.J.Kirsch, Diss.Abstr.1nt.B. 40, 1718 (1978). 
Reviews: J.Gorxynski Smith, Synthesis 1984, 629; A.S.Rao, S.K.Paknikar, and 
J.G.Kirtane, Tetrahedron 39, 2323 (1983). 

27) J.E.Baldwin, J.Chem.Soc., Chem.Commun. 1976, 734. 
28) G.Stork, L.D.Cama, and D.R.Coulson, J.Am.Chem.Soc. 96, 5268 (1974); G.Stork 

and J.P.Cohen, Ibid. 96, 5272 (1974). 
29) R.H.Cory, D.M.T.Chan, F.R.HcLaren, M.H.Rasmussen, and R.M.Renneboog, 

Tetrahedron Lett. 1979, 4133. 
30) For the regiochemistry of the cyclization of Iithioepoxides without 

heteroatom stabilization as a function of chain length, substitution 
pattern, and the presence of certain Lewis acids, see H.P.Cooke, Jr. 
and I.N.Hounis. Tetrahedron Lett. 26. 3643 (1985). 

31) F.Benedetti; 'S.Fabrissin, T.Gianferrara; and A.Risaliti, J.Chem.Soc., 
Chem.Commun. 1987, 406. 

32) Review: P.Welzel, Nach.Chem.Tech.Lab. 31, 892 (1983). 
33) W.C.Still, J.Am.Chem.Soc. 99, 4836 (1977). 
34) A.Bax, R.Freeman, and G.Horris, J.Magn.Reson. 42, 164 (1981); A.Bax and 

R.Preeman. Ibid. 44, 542 (1981). 
35) A.A.Maudsley, L.MUller, and R.R.Ernst, J.Magn.Reson. 28, 463 (1977); 

G.Bodenhausen and R.Freeman. Ibid. 28, 471 (1977); A.Bax and G.A.Horris, 
Ibid. 42, 501 (1981). 

36) J.K.M.Sanders and J.D.Mersh, Prog.Nucl.Magn.Reson.SQectrosc. 15, 353 (1982). 
37) For other stepwise approaches towards related trans-decaline derived 

systems, see W.L.Neyer, N.J.Brannon, C. da G.Burgos, T.E.Goodwin, and 
R.W.Howard, J.Org.Chem. 50, 438 (1985); W.L.Meyer, M.J.Brannon, A.Merritt, 
and D.Seebach, Tetrahedron Lett. 27, 1449 (1986); P.S.Jones, S.V.Ley, 
N.S.SimQkins, and A.J.Whittle, Tetrahedron 42, 6519 (1986), and references 
therein. 

38) Y.Chan and W.Epstein, Org.Synth., Coll.Vo1.6, 496 (1988). 
39) Ii.A.Smith, B.J.L.Huff, W.J.Powers, and D.Caine, J.Org.Chem. 32, 2851 

(1967); D.I.Schuster and J.M.Rao, Ibid. 46, 1515 (1981). 
40) C.Tamborski, F.E.Ford, and E.J.Soloski, J.Org.Chem. 28, 237 (1963), c.f. 

H.J.Reich, K.E.Yelm, and I.L.Reich, Ibid. 49, 3438 (1984). 


