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Abstract - Reactions of the a,S-unsaturated aldehyde 1 with the 0-silyl 
ketene acetals 10 have been investigated. Both Michael addition and 14+21 
cycloaddition products were formed, depending on the reaction conditions. 

The cardioactive steroids inhibit the membrane-bound Na+K+ -ATPase, an en- 

zyme involved in the Na K + l transport across the cell membrane. As a conse- 

quence, the Ca2+ content within the cell increases and this causes ulti- 

mately the well-known positive inotropic effect.2 Structurally, the cardio- 

active steroids (e.g. bufalin (8b) ) are characterized by cis-fused rings C 

and D, a hydroxy function at C-14, and a lactone ring attached to the 1713- 

position. The remark "introduction of the required 17S-lactone and of the 

14S-hydroxy group in the same molecule presents certain problems" by Sond- 

heimer in his classical review on syntheses in the cardioactive steroid 

field, still seems to be valid inspite of the considerable progress that has 

been achieved in the past few years.4 

We have recently developed a novel synthetic scheme for both lrla-H and 1413- 

OH bufadienolides, such as 8s and 8b, via 12-oxo-bufenolides of type 7.se6 

The 23-thiosubstituted bufenolide ring was constructed from readily 

available unsaturated aldehyde 1 (obtained in 5 steps from deoxycholic acid) 

and the ester enolate of 3 (R=Me, Ph) by Michael addition (1 -> 5) and sub- 

sequent acid-catalyzed cyclization (5 -> 7).6 

Ketene acetals of type 2 are synthetic equivalents of the enolate of 3. They 

can, in principle, react with enal 1 either by 1,4-addition or by 14+21 

cycloaddition ( inverse-type hetero-Diels Alder reaction') to give 4 and 6, 

respectively. From both 4 and 6 the central intermediate 7 should be easily 

available. Investigations along these lines, using 0-silylated ketene ace- 

talsa as equivalents for the general reagent 2, are detailed below. 
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Two methods have been employed for the synthesis of the required ketene ace- 

tals: 

a) Reaction of the acetates 9 with (i) LDA in THP and (ii) trapping of the 

ester enolates with a trialkylsilyl chloride (Ainsworth procedures); 

_ 

b) Reaction of the esters 9 with a trialkylsilyl triflate in the presence of 

triethylamine (Simchen procedurelo). 

In order to prevent extensive formation of C-silylated products, the tert- 

butyldimethylsilyl ketene acetals have been prepared in all cases.llsl* 

Reaction of phenylsulfanylacetate 9b with LDA in TBF at -78W followed by 

addition of tBuMezSiCl provided (after distillation) a 4:1 mixture of (E)- 

1Ob and (Z)-lob (see Scheme 2), whereas the Simchen method (reaction of 9b 

with tBuMenSiOTf and NEtr at OOC) gave an approximately 1:5 mixture of (E)- 

lob and (Z)-lOb.1" The configuration around the double bond in both com- 

pounds was assigned on the basis of the NOR results depicted in formulae 

(E)-lob' and (Z)-lOb'.l' The reactant-like transition states leading to (E)- 

1Ob and (Z)-1Ob under the Ainsworth conditions may be schematically 

depicted as shown in 11 and 12, respectively.15 Obviously, the steric inter- 

action of the phenylsulfanyl group with the C=O oxygen complexed with the 

lithium base and solvent is more severe than with the OCHs group, favoring 

transition state 11. Our result is in agreement with the stereochemistry of 

the ester enolate formation of propionates: Reaction with LDA in THF follo- 

wed by trapping with a silyl chloride was reported to give a 85:15 mixture 

of the respective (E)- and (Z)-ketene acetals, whereas in THF-RMPA 77:23 

(solvation of the counter ion) exclusively the (Z)-isomer was for- 

rned."ni7#'8 For the Simchen reaction a late transition state has been sug- 

gested,lo and factors affecting the relative stabilities of the stereoisome- 

ric products (E)-lob and (Z)-lob should be reflected in the corresponding 

transition states. This view is supported by the observation, that (E)-lob 

(the minor product under Simchen's conditions) rearranged in solution into 

(Z)-lob. The conditions under which the rearrangement has been observed are 

summarized in Table 1. The exact nature of the rearrangement process is 

still unknown. Since the samples of the ketene acetals (E)-lob/(Z)-lob used 

for these studies contained some of the starting ester 9b it may well be 

that 9b takes part in the equilibration reaction.lg 
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Table 1. Isomerization (R)-lob= (Z)-1Ob 

Solvent Temp.(OC) Reaction time Ratio (E)-1Ob / (Z)-lOba 
to tmnd 

hexanes 2.6:l.O 1.0:13.0 
acetonitrile 12000 0.: dh 2.3:l.O 1.1: 1.0 

a From 'Ii RMR spectra, calibrated against ester 9b present as impurity. 

of the unswted alcJ&vde 1 with 0-sJlv1 keta 

acetal LQlr 

In a number of recent publications the reactions of 0-silyl ketene acetals 

with a,a-unsaturated ketones in polar solvents (acetonitrile,zO nitro- 

methanezi), under high-pressure conditions,22#23 and catalyzed by either 

Lewis acids,24~2~~26 clay montmorillonite,27 or fluoride21~2~~23 have been 

discussed.29 In all but one cases, even when the enone unit was not fixed in 

a transoid conformation, conjugate addition (c.f. l->I) was observed, in 

most cases accompanied (or driven) by a silyl group transfer. The only 

example of a [4+2] cycloaddition 

a,$-unsaturated carbonyl compound 

reported by Maier and Schmidt.3o 

NOE 

between an 0-silyl ketene acetal and an 

(c.f. l->6) we are aware of was recently 
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The phenylsulfanyl substituted silyl ketene acetal 1Ob (4:l mixture of (R)- 

1Ob and (Z)-lob) was so reactive as to add to enal 1 even in CHzCl2 solution 
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(19 h at 60°C in a sealed flask). A 3.6:1:1:2 mixture of four stereoisomerlc 

Michael adducts la (isomeric at C-21 and C-23) was obtained in 55% combined 

yield. The same products (3:1:1.3:2.6 ratio) were isolated when the reaction 

was performed in acetonitrlle solution at 1OOOC. Three of the stereoisomers 

(la-a, la-b, and la-d) were obtained in pure state by chromatographic sepa- 

ration. The main isomer 4a-a has the Z-configuration around the 20,21-double 

bond as shown by the NOR result depicted in formula 13. The positive Cotton 

effect of 4a-a at 263 nm may indicate the (R)-configuration at C-23 (see 

formula 13'). This conclusion rests on two assumptions: (i) conformation 13' 

with the C-22 - C-23 bond syn-periplanar with the carboxyl C=O is the most 

preferred in solution (solvent: acetonitrile)31 and (ii) the axial haloke- 

tone rule32 is valid in the case of a-sulfanyl-substituted esters as for ke- 

tones axially substituted with an a-sulfanyl group.33 Presumably, la-b has 

the same configuration at C-23 ( positive CD at 263 nm), whereas 48-d dis- 

played a negative CD band at 263 nm. 

From the composition of the mixture of stereoisomeric Michael adducts pro- 

bably no information on the stereoselectivity with regard to the two enan- 

tiotopic faces of (El-lob and (Z)-1Ob can be gained, since we observed that 

at least in acetonitrile solution at 1OOW ketene acetals (E)-lob /(Z)-lob 

are not configurationally stable. The formation of the four stereoisomers 

la-a - (a-d implies, however, that both from the cisoid and the transoid 

conformations of enal 1 Michael adducts were formed. 

Remarkably, when 1 and lob were allowed to react in CHC.13 solution in the 

presence of the mild Lewis acid Eu(fod)a (15 d at 2OW), not the Michael 

products were formed but rather a [4+21 cycloaddition34ass occurred to 

give 6a, according to the 1H NMR spectrum as a 1:l mixture of two stereoiso- 

mers ( 72% yield, after correction for recovered 1). The ortho esters 6a 

were very unstable und the structure was mainly Inferred from their 400 MHz 

1~ NMR spectra. Fully in accord with the proposed structure, 6a reacted with 

anhydrous HCl in CHClr to give 7a/7b (1:l mixture) in 85% yield.36 The dia- 

stereoisomeric dihydropyrans 7a/7b have previously been obtained via the 

ester enolate route (l->5->6) and have been converted into bufadienolide 8a 

in two steps.6 

Beaction of 1 wUh ketene acetals lo* 

The methylsulfanylketene acetal 10~ was much less reactive than lob. Even in 

acetonitrile or nitromethane solution (at 60-7OW) it did not react with 1. 

However, ZnClz-catalysis promoted the formation of the l,&adduct 4b (mix*- 

ture of stereoisomers) in 58% yield. Treatment of 4b with potassium fluoride 

in THF-methanol led to aldehyde 5b (968, mixture of stereoisomers), the 
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cyclixation of which to give 7c/7d (90% yield) and conversion to 8a and to 

bufalin (8b), respectively, have already been reported.'n‘ 

Eu(fod),-catalyzed reaction of 1 with the methylsulfanylketene acetal 10e 

proceeded in the [4+2] cycloaddition mode to give 6c (according to 'II RMR a6 

a 1.2:1 mixture of two stereoisomers) in 79% yield (after correction for re- 

covered 1) . Treatment of 6c with dry HCl in CIicl~ led to the formation of 

the 23-epimeric bufenolides 7c/7d in 82% yield. At present this seems to be 

the most efficient way to prepare 7c/7d which can be converted to bufalin 

(8b) in few further steps.s 

on of 1 mketene 1Oa and 

In the ZnClz-catalyzed reaction of 1 with the unsubstituted ketene acetal 

1Oa a pronounced solvent effect was observed. Reaction in acetonitrile at 

2OW led (after selective silyl enol ether cleavage with fluoride) to the 

1,4- and 1,2-addition products 15 and 17a, respectively, in a 1:2 ratio, 

whereas in dimethoxyethane solution the reaction was very fast even at -78W 

and provided 15 as the main product (58%) alongside with 17a (24%). From 

15, making use of Pettit's two-step procedure 3' ( (i) ester hydrolysis, (ii) 

acid-catalyzed enol lactone formation) bufenolide 16 was obtained in 55% 

yield. 

0 

_-?+$co2M~a) #co2Me ) 

I 14 

1 R3 CO,R’ 

OR2 

0 

0 \ & 
16 

Scheme 4 



3702 H.-W. HOPPE et al. 

From the reaction of 1 with the bis-silylated ketene acetal 1Od only the 
1,2-addition product was obtained. After silyl ether cleavage 17b was isola- 

ted in 67% yield. 

ts on the BOUnser-ad a-Pvrone Svnu 

It seems appropriate to mention here the a-pyrone synthesis that was pub- 

lished some 17 years ago by Belanger and Brassard.38 They found that a,B- 

unsaturated carbonyl compounds such as 18 on heating with chloroketene di- 

methyl acetal (19) gave the cycloadducts 20 which on treatment with sodium 

methoxide in DMSO or DMF furnished a-pyrones 21. This method has been em- 

ployed in the synthesis of a bufadienolide of the 14a-H series.39 For our 

approach towards biologically active 140-OH-bufadienolides (e.g.Ob), which 

requires 8&&J& intermediates of type 6, the Brassard method seems less 

well suited since the cycloaddition products 20 were reported to be very 

unstable and had to be converted immediately into the a-pyrones 21. We can 

confirm this observation: All attempts to make use of this method for our 

aims proved fruitless.40 One set of experiments is described below indica- 

ting competing reactions not reported previously. B&anger and Brassard ob- 

tained from cinnamaldehyde and 19 (heating to 15OOC for 72 h) trans-20 (Rl 

= Ph, Rs, R3 = Ii) in 42% yield. We performed the reaction in toluene at 

18OOC (16 h) and used the diethyl acetal 23 instead of 19. Besides the 

trans-product 24 (37%) the very unstable cis-cycloadduct 25 (22%) could be 

isolated alongside with a third compound that on the basis of its spectral 

properties is assigned structure 27 (21%). When the reaction was performed 

in acetonitrile at 1OOOC no cycloadduct formation was detected by TLC, and 

only 27 was obtained (50% yield). From a reaction performed in toluene solu- 

tion at 15OOC (6 h) after chromatographic separation besides cycloadduct 24 

the ethoxy compound 26 could be isolated, the structural assignment of which 

is based on RMR and mass spectra (c.f. ion a in Scheme 5). 26 is the ob- 

vious precursor of 27. The formation of 26 can nicely be explained on the 

basis of results published by Scheeren and coworkers." They have reported 

that the Lewis acid-catalyzed reaction of a,S-unsaturated carbonyl com- 

pounds with dialkyl ketene acetals leads kinetically controlled to oxetanes 

31 via dipolar intermediates of type 30. At higher temperatures the oxetanes 

reverse to the starting materials and the thermodynamically more stable di- 

hydropyrans 32 are formed. In the absence of a catalyst under high-tempe- 

rature conditions generally the dihydropyrans are the main products. 26 may 

thus be formed from an intermediate of type 30 by a nucleophilic substitu- 

tion process. 
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m - or moisture-sensitive reactions were performed on oven-dried glass- 
ware under a positive pressure of argon. Liquids and solutions were trans- 
ferred by syringe, and were introduced into reaction flasks through rubber 
septa. Small-scale reactions were performed in Nheaton serum bottles sealed 
with aluminium caps with open top and Teflon-faced septum (Aldrich). Usual 
work-up means partitioning the reaction mixture between water and an organic 
solvent (given in parenthesis), drying the combined organic solutions over 
NazSO4, and removal of the solvent by distillation in vacua at 4OOC using a 
rotatory evaporator. Intrumentation and materials: 'Ii NMR: T 60 (Varian),-NP 
80 (Bruker). Al4 400 (Bruker): 1°C NMR: AM 400 (Bruker): IR: Perkin Elmer 
257;‘ MS: --MAT-731 ‘and MAT-CH-5 (Finnigan);‘ medium-pressure liquid 
chromatography (MPLC): 20.0 cm x 1.5 cm glass tubes (column A, 9 g SiOs), 
31.0 cm x 2.5 cm glass tubes (column B, 60 g SiOz), silica gel Si 35-70 pm 
(Amicon), Duramat pump (CfG), UV detector Thomachrom III (Reichelt); classic 
column chromatography (LC): ICN Silica 63-100 pm (ICN Biomedicals). 

l-(tert-Butvl-Ql sllanvloxv) 1 methoxv 2 nhenvlsulfanvlethvlene _* _ - _ _ 
a) Ainsworth procedure: To a solution of LDA42 (24.3 mmol) in anhydrous THF 
( 60 ml) at -78OC were added: a) 2,2'-bipyridine43 (0.5 mg, red colour) and 
b) (within 30 min) a solution of methyl phenylsulfanylacetate (9b)s (4.60 g, 
25.0 mmol) in THF (25 ml). After 30 min at -78OC the mixture was colourless. 
A solution of tBuMezSiC1 (4.86 g) in THF (5 ml) was added and the reaction 
mixture was stirred at -78OC for 2 h and was then allowed to warm to 2OoC 
(1 h). Solvent evaporation and Kugelrohr distillation (160°C/13 Pa) gave a 
4:l mixture ('Ii NMR, vide infra) of (E)-lob and (Z)-lob (5.80 g, 85%, 
colourless oil). 
b) Simchen procedure: To a suspension of 9b (0.77 g, 3.85 mmol) in EtrN (3 
ml) at OOC tBuMezSiOSO2CF3 (1.24 ml, 5.40 mmol) was added. The reaction mix- 
ture was stirred at OOC for 15 min and at 25OC for 14 h. Dilution with 
ether, filtration through Florisil, solvent evaporation, and Kugelrohr 
distillation (160 OC, 13 Pa) provided a 1:4 mixture (4:l ratio of the 2-H 
signals at 6 = 4.19 ((Z)-lob) and 6 = 4.47 ((El-lob) of (E)-lob and (Z)-lob 
(0.63 g, 42%). In a second experiment a 1:7 mixture of (E)-lob and (Z)-lob 
was obtained.- 
Analytical data of the 4:l mixture of (E)-lob and (Z)-lob: 'Ii NMR (80 MHZ, 
CsDs): 8 = 0.05 and 0.13 (28'8, ratio 4:1, Si(CH3)2), 0.81 and 0.89 (2 s's, 
ratio 4:1, SiC(CH3)3), 3.05 and 3.30 (28'8, ratio 1:4, OCH3), 4.19 and 4.47 
(2 s's, ratio 1:4, Z-H), 6.82-7.49 (Ar-H).- IR (CC14): 1605 cm-l (C=C).- MS: 
m/x (%) = 296 ,(37, M'), 239 (8), 225 (19), 183 (7), 150 (42), 73 (lOO).- 
(Found C, 60.79; H, 8.20. CrsH2rOzSSi (296.5) requires C, 60.76; H, 8.16). 

6-1 1 tert 4&oxv 7 methvlsulfanvlethvlene -- - _- 

10~ was prepared from tert-butyl methylsulfanylacetate (SC)' as described 
for lob (Ainsworth procedure). After Kugelrohr distillation (130°C/13 Pa) a 
64% yield of stereochemically homogeneous 1Oc was obtained.- lH NMR (60 NHZ, 
~~14, TMS): 8 = 0.13 (s, 6H, Si(CH3)2), 0.88 (s, 9H, SiC(CH3)3), 1.28 (8, 
9H, OC(CH3)3), 2.03 (6, 3H, SCH3), 4.33 (8, 1H, Z-H).- IR (CClr): 1605 cm-' 
(C=C).- MS: m/z (8) = 220 (40, [M-57]+), 204 (17), 163 (70), 88 (76), 75 
(loo), 73 (96).- (Found C, 56.52; H, 10.27. Cl3HzrOzSSi (276.5) requires C, 
56.47; H, 10.21). 

l-(tert-Butvl dim-1 sUnvloxv) 1 methoxv 2 memene _. _ * _ - - _ (lOe).- 
1oe was prepared from methyl methylsulfanylacetate (9e) 44 as described for 
lob (Simchen procedure). Yield after Kugelrohr distillation (120-130°C/i3 
Pa): 84%.- 1H NMR (80 MHz, CDCl3): 6 = 0.20 (8, Si(CH3)2), 0.98 (8, 
SiC!(CHs)s), 2.13 (s, SCHs), 3.57 (6, OCH3), 4.12 (6, 2-H).- IR (CHCl3): 
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2860, 1740 (trace of go), 1615 cm-1 (C=C).- C~oIfazOzSSi (234.4), MS: m/z (%) 
= 234 (20, M+), 193 (O), 89 (60), 88 (78), 73 (100). 

a) In ~~2~12 solution: A solution of 1 (65.9 mg, 0.17 mmol) and IOb ((E)/(Z) 
4:1, 150 mg, 0.5 mmol) in C&C12 was heated to-6OoC for 20 h. Solvent evapo- 
ration and MPLC (column B, hexanes - ethyl acetate 15:l) furnished la-a 
(30.1 mg, 26%), Ia-b (8.8 mg, 8%), and a 1:2 mixture (LH NMR) of la-c and 
Ia-d (24.6 mg, 21%) from which a sample of pure 4a-d was obtained by MPLC 
under the same conditions. 
b) In CHsCN solution: A solution of 1 (44.0 mg, 0.11 mmol) and IOb ((E)/(Z) 
1:13.5, 96.8 mg, 0.33 mmol) in CHsCN (0.4 ml) was heated to IOOV. for 43 h. 
Solvent evaporation and MPLC (column A, hexanes - ethyl acetate 15:l --> 
1O:l) provided 4a-a (11.6 mg, 15%), la-b (4.1 mg, 5%), and a I:2 mixture of 
Ia-c and 4a-d (15.3 mg), 12.6 mg of 1 were reisolated. 

Isomer Is-a (probably (212,23R) configuration): 1H NMR (400 MHz, lH-1H COSY, 
CDCls): 8 = 0.07 (8, Si(CHs)z), 0.85 (8, SiC(CHa)s), 1.04 (2 s's, CH3-18 and 
CH,-19), 2.02 (8, 313-O&), 2.20 (dd, 22-H ), 2.40-2.53 (dd, CH3-II), 2.60 
(dd, J = 9 and 10 Hz, 17a-H), 2.99 (dad, 22-H'), 3.57 (8, OCH3), 3.96 (dd, 
23-H), 5.01 (m, W1/2 = 6.0 Hz, 3a-H), 6.16 (d, 21-H), 7.19 - 7.61 (Ar-H); 
JZZJ~S = 12 Hz, J22'/23 = 4.5 Hz, J22.22~ D 13 Hz, J2z1,23 = 1.2 Hz.- IR 
tCC14): 1739 (ester), 1700 (ketone), 1650 cm-l (C=C).- CD (CHSN): 

328 (-0.10) 282 (+2.64) 263 (+1.50), 
C3rH:,&SSi (6=83.0), MS: PI/; (%) = 682 (4.6, M+) 

235 nm (-:.3;;1- 
625.3018 (6.6, Calc for 

CIIH4906SSi: 625.3018), 573 (5.9), 501 (loo), 73 (64). 

Isomer Ia-b: "H NMR (80 MHZ, CDC13): 8 = 0.11 (8, Si(CH3)2), 0.91 (8, 
SiC(CH3)s and CH3-18), 1.05 (8, CH3-19), 2.04 (8, 3B-OAc), 2.05-3.06 (m,- 
6H), 3.60 (s, OCHs), 4.34 (dd, 23-H), 5.05 (m, W1/2 = 6.0 Hz, 3a-H), 6.33 
(broad 8, 21-H), 7.14 - 7.60 (Ar-H); J23/22 = 7.0 Hz, Jz~/zz' = 10.0 Hz.- IR 
[CC;42:)1725 (ester), 1700 (ketone), 1645 cm-1 (C-C).- CD (CHJCN): A m.X 

= 282 (+2.73), 263 (+1.70), 232 nm l-0.80).- C3sHseOcSSi (683.0), 
MS: m/z (%) = 682 (0.6, M+), 625.3021 (7, Calc for C3sH490sSSi: 625.3018), 
573 (5), 501 (loo), 73 (100). 

Isomer 4a-c: lH NMR taken from the spectrum of the mixture of la-c/4a-d by 
comparison with the spectrum of 4a-d (80 MHz, CDC13): 8 = 0.94 (8, 
SiC(CHs)s), 1.06 (8, CHS-19), 2.05 (8, 36-OAc), 3.65 (8, OCH3), 4.25 (dd, 
23-H), 5.05 (m, Us/z = 6 Hz, 3a-H), 6.37 (broad 8, 21-H), J23.22 = 7 Hz, 
J33.22' = 9 Hz. 

Isomer la-d: IH NMR (80 MHz, CDC13): 6 = 0.12 and 0.15 (2 s's, Si(CHs)t), 
0.96 (8, SiC(CHs)r), 1.04 and 1.06 (2 s's, CH3-18 and CH3-19), 2.05 (8, 3a- 
CAc), 2.10-3.13 (17a-H, CHz-11, CHz-22), 3.65 (8, OCH3), 4.01 (dd, 23-H), 
5.05 (m, WI/Z = 6.0 Hz, 3a-H), 6.21 (broad s, 21-H), 7.10 - 7.55 (Ar-H); 
J23/22 = 5.0 Hz, J23/22' = 9 Hz.- IR (CC14): 1730 (ester), 1700 (ketone), 
1650 cm-1 (C=C).- CD (CHICN): a m.x ( AE ) = 308 (+0.29), 278 (-1.71), 270 
(-1.50), 234 nm (+1.94).- C39H5606SSi (683.0), MS: m/x (%) = 682 (< 0.5, 
M+), 625 (I), 541 (17), 501 (IOO), 73 (100). 

)-21.24-eooxv 24 _ _ 

A solution of 1 (100.0 mg, 0.26 mmol), 
CDzrlEu(fod)r (80.0 mg, 

IOb (140.0 mg, 0.47 mmol) and 
0.08 mmol) in dry CHClr (I ml) was stirred at 20°C 

for 15 d. MPLC (column B, hexanes - ethyl acetate 
1O:l) gave 6a (I:1 mixture of two stereoisomers (1H NMR), 92.7 mg, 53%), 
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26.8 mg of 1 were recovered.- 1Ii NMR (400 MHz, CcD6): 8 = 0.30 and 0.37 (2 
S'S, Si(CH3)3), 0.68-0.90 (CH3 singlets), 1.08 and 1.09 (2 s's, SiC(CH3)r), 
1.73 (8, OAC), 2.78-3.03 (CH2-22), 3.32 and 3.36 (2 s's, OCH3), 3.54-3.65 
(23-H), 5.08 (m, 3a-H), 6.37 and 6.50 (2 s's, 21-H), 6.92-7.65 (Ar-H).- IR 
(CHC13): 1730 (ester), 1710 (ketone), 1660 Cm-l (C=C).- CIsH5806SSi (683.0), 
MS: m/z (%) = 668 (1), 550 (5), 534 (6), 508 (20), 427 (54), 374 (30), 341 
(26), 147 (30), 135 (31), 110 (78), 109 (46), 107 (40), 43 (100). 

To a solution of dry HCl in CHCl3 (saturated at OOC, 35 ml) was added at 
-4OOC a solution of 6a (60.0 mg, 82.6 pmol) in CHClr (10 ml). The mixture 
was left at -4OOC for lh, then NaHCO3 (saturated solution in H20, 30 ml) was 
added at -25OC. Usual work-up (CH2C12), followed by MPLC (column B, hexanes 
- ethyl acetate 5:l) furnished 7a (12.1 mg, 27%), 7b (11.4 mg, 26%), and a 
fraction containing both 7a and 7b (14.2 mg, 32%). la and 7b were identical 
with authentic samples.5 

tert-&&vl (21 B. B - _ _ _ t-butvl drmethvl_silanvloxv) 23 _ a - - 
-_ ---- (4b). ature of sterew 

To a solution of 1 (879.4 mg, 2.2 mmol) in dry CH3CN (16 ml) were added (i) 
anhydrous ZnClz (41.0 mg, 0.3 mmol) and (ii) 10~ (1.2 ml, 4.3 mmol). The 
mixture was stirred at 2OOC for 105 min, then NBts (0.2 ml) was added. Sol- 
vent evaporation and SC (40g SiOz, hexanes - ethyl acetate 1O:l --> 4:1) 
gave 4b (477.1 mg, 35%); 391 .O mg of 1 were recovered.- 'H NMR (80 MHz, 
CDC13): 6 = 0.05-0.10 (48, Si(CH3)2), 0.90, 0.93 (SiC(CH3)3 and CH3-18 sig- 
nals), 1.04 (CH3-19), 1.42 and 1.47 (28'8, OC(CH3)3), 2.03, 2.09 and 2.19 
(38-OAc and SCHs signals), 5.04 (complex of multiplets, w1/2 = 6.2 Hz, 
3a-H), 6.16 and possibly small signals at 6.25 and 6.30 (21-H signals).- IR 
(CClr): 1730 (ester), 1710 (ketone), 1640 Cm-l (C=C).- C37HszOsSSi (663.0), 
MS: m/z (%) = 662.4036 (0.4, M+, Calc for Cs7HszOcSSi: 662.4036), 605 (6), 
558 (6), 501 (loo), 73 (76). 

fert-Butvl (20 H. 23 g__ 1 38 acetoxv 23 methylgULfBnvl-12,21-dioxo 58 chol8D 24 - - _ - - - 
0-O. 
To a solution of 4b (477.1 mg, 0.72 mmol) in wet THF (5 ml) was added KF 
(1 mol/l solution in methanol, 2.8 ml), and the mixture was stirred at 2OOC 
for 10 h. Usual work-up (ethyl acetate) gave pure 5b as a mixture of 
stereoisomers (381.8 mg, 96%), identical with a specimen prepared by a dif- 
ferent route.' j 

(23 ". t-butvl _* c&u&&&v1 _ * sllanvloxv)-21.24-eow 24 _ - 
__ _- (6~). mixture of two stereo- 

@== was prepared from 1 (150.0 mg, 0.39), 1Oe (150.0 mg, 0.51 mmol), and 
[D37]Eu(fod)3 (120 mg, 0.11 mmol) as described for 6a. Reaction time: 19 d. 
NPLC. (column B, hexanes - ethyl acetate 10:1) provided 6c (1.2:l mixture 
(1H NMR) of two stereoisomers, 114.2 mg, 47%); 61.0 mg of 1 were recovered.- 
1H NMR (80 MHz, CDC13): 6 q 0.04, 0.05, 0.08 and 0.09 (4 s's, Si(C!Ha)z), 
0.88 (8, SiC(CH3)3), 0.93 and 1.03 (28'8, CH3-18 and CH3-19), 2.02 (8, 38- 
OAc), 2.13, 2.14 (28'6, SCHs), 3.29, 3.33 (2 s's, ratio 1:1.2, OCHs), 5.03 
;m;tI;;z = 6 Hz, 3a-H), 6.02 (m, W1/2 = 4 Hz, 21-H).- IR (CHCl3): 1725 

1705 (ketone), 1655 cm-1 (C=C).- C34H5606SSi (621.0), MS: m/z (%) = 
6;O (O.i, M+), 588 (l), 563 (l), 429 (6), 89 (loo), 75 (86). 

123~) and 
and 

(235) 391 58 buf 20 QaasUde - _ __ _- __ __ (7~ 

The mixture of the 6c stereoisomers (80.0 mg, 0.19 mmol) was converted into 
7c and 76 as described for the reaction 6a --> 7a/lb. MPLC (Column B, hexa- 
nes - ethyl acetate 5:l) gave 76 (13.7 mg, 22%), 7c (14.2 mg, 23%), and a 
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fraction containing both 7c and 76 (22.8 mg, 37%). 7c and 76 were identical 
with authentic samples.5 

a) In acetonitrile at 2OW: To a solution of 1 (50.2 mg, 0.13 mmol) and an- 
hydrous ZnCl? (2.6 mg, 0.02 mmol) in dry acetonitrile (0.5 ml) lOa (50 ~1, 
0.26 mmol) was added. The mixture was stirred at 20°C for 1 h. After addi- 
tion of EtlN (50 rl), solvent evaporation and SC (5g Si02, hexanes - ethyl 
acetate) 49.8 mg (68%) .of a 1.5:l mixture ('Ii NMR) of the 1,2- and 1,4-ad- 
ducts was obtained which could not be separated. The mixture was dissolved 
in THF (1 ml) and treated with tetrabutylammonium fluoride (TBAF, 1 mol/l 
solution in THF, 0.1 ml) for 5 min at 2OoC. Work-up (ethyl acetate) and LC 
(5g SiOz, hexanes - ethyl acetate 5:1) gave 17a (23.8 rag, 32%) and 15 (11.3 
mg, 18%). 
b) In dimethoxyethane (DME) at -78OC: To a solution of 1 (665.4 mg, 1.73 
mmol) and anhydrous ZnCl2 (53.2 mg, 0.39 mmol) in dry DME (40 ml) was added 
at -78OC 1Oa (0.65 ml, 3.45 mmol). The mixture was stirred at -78OC for 100 
min. After addition of KtrN (0.2 ml) the mixture was allowed to warm to 
2OOC, then treated with TBAF (1 mol/l in THF, 6 ml) for 5 q in at 2OOC. Work- 
up (ethyl acetate) and LC (30 g SiOz, hexanes - ethyl acetate 4:l) gave 17a 
(241.0 mg, 24%) and 15 (465.4 mg, 58%). 

vl (22 R__ ) 36 acetoxv 22 (tert-butvl dim-v1 sm) 12 0x0 513 chol _ _ _* _ ’ -a -_ - 
- - _ rrw 

‘H NMR (80 MHz, CDC11): 8 = -0.08 and 0.05 (2 s's, Si(CH3)2), 0.88 (8, 
SiC(CH3)3), 0.97 and 1.05 (2 s's, CH3-18 and CH1-19), 2.01 (8, 3B-OAc), 3.67 
(8, CCH3), 4.83-5.17 (3a-H, 21-H, 22-H), 5.47 (m, W1/2=3.O Hz, 21-H).- IR 
(CClr): 1740 
MS: m/z (%) = 

(8587t(or3)6b51:10023(ke~~ne)CHllc65forc~;;H~~~~~~- C3tH54OcSi (55974(;;, 

543 (l), 517 (92);475 (29j, 351 i79), 89 (100). 
: 574.3690), , 

acetoxv-12.21 dloxo _* -_ -_ 

'H NMR (80 MHz, CDC13): 6 = 1.03, 1.05 and 1.08 (CHs-18 and CHs-19 signals), 
2.04 (s; 3t3-OA&), 3.63 (s, OCHsj, 5.05 (m, Will‘= 6.7 Hz, 30-H), 9.41-9.58 
(21-H signals).- IR (CClr): 1730 (ester), 1710 cm-1 (aldehyde).- C27H4006 
(460.0), MS: m/z (%) = 432 (26, CM+-281+), 414 (12), 372 (8), 359 (6), 291 
(49), 231 (85), 121 (100). 

38-Ac~Loxv 12 oxo 58 buf 20 enolide __ __ __ (l6L 
A mixture of 15 (465.4 mg, 1.01 mmol). THF (43 ml). methanol (21 ml) and 
NazCO1 (5% solution in water, 21 ml) -was stirred at 2OoC for 3 h. The pH 
value was then adjusted to 5 by addition of 2N HCl. Usual work-up (ethyl 
acetate) provided a crude acid (416.2 mg) which was dissolved in benzene 
(150 ml). After addition of p-toluenesulfonic acid, monohydrate (150 mg, 
0.79 mmol) the solution was refluxed for 15 h. The reaction flask was 
connected to a Soxhlet apparaturecharged with 4 A molecular sieves to remove 
water formed in the reaction. After cooling, addition of EtrN (0.2 ml), sol- 
vent evaporation and LC (20 g SiOz, hexanes - ethyl acetate 4:l) amorphous 
16 (250.3 mg, 55%) was obtained.- 1H NMR (80 WHz, CDC13): 6 = 0.90 (8, CH3- 
18), 1.05 (6, CH1-19), 2.03 (s, 3R-OAc), 2.03 - 3.00 (m, 8H), 5.03 (m, W1/2 
= 8.0 Hz, 3a-H), 6.40 (m, W1lz = 3.6 Hz, 21-H).- 13C NMR (100.6 MHz, DEPT, 
CDCls): 6 = 13.0 (CHs-18), 21.4 (GH3CO), 23.1, (CHJ-19), 23.4, 23.5, 24.1 
(C-2, C-16, C-23), 24.7 (C-15), 25.7 (C-6), 26.3 (C-7), 28.5 (C-22), 30.4, 
30.6 (C-l, C-4), 35.5 (C-lo), 35.6 (C-8), 36.8 (C-S), 38.2 (C-11), 43.0, 
44.2 (C-9, C-17), 57.1 (C-14), 58.1 (C-13), 70.0 (C-3), 119.2 (C-20), 139.1 
(C-21), 169.1 (C-24), 170.5 (CH3cO), 214.3 (C-12).- IR (CClr): 1775 (enol 
lactone), 1740 (ester), 1710 cm-1 (ketone).- CD (CH1CN): A ..x ( AE ) = 329 
(-0.07), 297 (+1.25), 238 nm (+0.88).- C26H36CS (428.6), MS: m/Z (%) = 
428.2576 (28, H+, Calc for C26H3605: 428.2563), 367 (6), 359 (4), 349 (6), 
314 (4), 218 (38), 43 (100). 
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.(22 -23 ) 3s Acetoxv 23 ohenvlsulfanvl 5s chol 28 en 24 
Qic -- -- -- 

-- ---_ 

From trimethylsilyl phenylsulfanylacetatea (Qd, 22.2 ml, 11.1 mmol) l,l- 
bis(trimethylsilylanyloxy)-2-phenylsulfanyl-ethylene (1Od) was prepared as 
described for lob (hinsworth procedure). After Kugelrohr distillation 
(13OOC/67 Pa) 2.8g (75%) of a specimen of 1Od was obtained that was accor- 
ding to its 1H IVMR spectrum (characteristic signals: 8 = 0.20 and 0.34 (2 
s's, Si(CHl)r), 4.36 (8, =CH)) not completely pure. 
A solution of 1 (31.3 mg, 0.08 mmol) and 1Od (75 ~1, 0.28 mmol) in dry 
CH2Clr (0.1 ml) was heated to 6OOC for 13 h. Then a further portion of 1Od 
(70 rl, 0.26 mmol) was added, and heating to 604C was continued for 3 h. 
Work-up (ethyl acetate) followed by LC (1 g of 8iO2, hexanes - ethyl acetate 
2:l) provided 17b (30.5 mg, 67%) the spectral data of which were identical 
with those of a sample of 17b previously prepared by another method." 

of ciJlnamaldehvde (221 ,with 2-cU~r,p 1.1 diethgKy-et- i23L - - 
a) In toluene at 18OOC: A solution of 22 (freshly distilled, 396.3 mg, 3 
mmol), 23 (freshly prepared,45 1252 mg, 7.5 mmol), and hydroquinone in tolu- 
ene (2 ml) was heated to 18OOC (sealed vessel) for 16 h. Solvent removal and 
MPLC (column B, hexanes - ethyl acetate 50:1, followed by a second separa- 
tion of impure fractions with hexanes - ethyl acetate 1OO:l) gave 24 (185.0 
mg, 37%), 25 (111.3 mg, 22%), and 27 (89.3 mg, 21%), 162 mg of 22 were reco- 
vered. 
b) In toluene at 15OOC: Heating 22 (463.2 mg, 3.5 mmmol), 23 (1465 mg, 8.8 
mmol), and hydroquinone (20.1 mg) in toluene (2 ml) solution to 15OOC for 
6 h gave after separation as described above provided 24 (81.0 mg, 19%) and 
26 (136.0 mg, 33%), 268.1 mg of 22 were recovered. 

c) In acetonitrile at 1OOOC: A solution of 22 (325 mg, 2.45 mmol), 23 
(1027 mg, 6.2 mmol), and hydroquinone (13.0 mg) in acetonitrile (2.5 ml) was 
heated to 1OOOC for 46 h. Separation as described above gave 27 (107.5 mg, 
50%), 224.1 mg of 22 were recovered. The formation of 24 and 25 could not be 
detected. 

- _ _ _ 
l4.p. 92-95oC (from acetone-HzO)*- 1H WMR (80 MHz, CDCla): 6 = 1.25 and 1.29 
(2 t's, J = 7 Hz, CH2CH20), 3.69 (q, CH1CH20), 3.85 (dd, 4-H), 4.10 (d, 5- 
H), 4.82 (da, 3-H), 6.35 (dd, 2-H), 7.35 (8, hr-HI; J4,s=9 Hz, J4,2=2 HE, 
J2,2=6 HZ, J3,4=2 Hz.- 'SC WMR (CDCls): 6 = 15.23 (cHsCH?O), 47.23 (C-4), 
57.77 and 59.62 (CHGHzO), 61.34 (C-5), 105.75 (C-3), 111.73 (C-6), 127.45 
and 128.58 (C-2 and aromat. C2-C5), 141.07 (aromat. Cl).- IR (CClr): 1650 
(c=c), 1600 and 1490 (C=C,arom.) 1225 cm-1 (C-O).- C15H19C.102 (282.8), MS: 
m/z (%) = 282 ,(4, M+), 247 (3), 237 (14), 209 (7), 173 (4), 150 (loo), 132 
(18), 122 (31), 115 (33j, 94 (53), 77 (15). 

+_*_- _ - 
'H WMR (80 MHz, CDCIr): 8 = 1.25 and 1.29 (2 t's, J = 7 Hz, C&CHzO), 3.65 
and 3.75 (2 q's, CHIC&O), 4.20-4.35 (d, 5-H and m, Wa12=4 Hz, 4-;i154.93 
(m, 3-H), 6.41 (2-H), 7.35 (8, hr-H); J2.r = 1 Hz, J2.2 = 6 Hz, , = 6 
HZ. 

_ 2 _ chloro 3 et&zw 5 uhQ,wl-Dent 4 BaQBte (26)‘ __ -- -- 
CClr): 6 = 1.05-1.40 (CEIrCH20 triplets), 3.30-3.90 (m, 

CH2Cu20); 4.00-4.35 (c&C&OcO, 2-H, 3-H), 5.97 (m, 4-H), 6.58 (dd, 5-H) 
7.00-7.48 (m, Ar-H); J4.5 = 16 Hz, Js.5 q 2 HZ.- IR (CClr): 1740 (C=O), 1645 
(C=C), 1595 and 1490 cm-1 (C=C, arom.).- C15H19ClOs (282.8), MS: m/Z (%) = 
237 (1, [M-CZHSO]+), 201 (1), 178 (2), 161 (100, ion a, see Scheme 5). 
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- _ 2.4 -to (27). 
'Ii NMR (60 MHz, CDClr): 6 = 1.33 (t, J = 7 Hz, C&CH20), 4.20 (q, CH2CB20), 
6.40-6.80 (4-H), 7.00-7.50 (3-H, 5-H and Ar-H).- IR (CHC12): 1710 (C=O), 
1615 (C=C), 1585 (C=C, aromat.) 1270 cm-l (C-O).- ClzHlSClG2 (236.7), MS: 
m/z (%) = 236 (22, M+), 207 (8), 201 (1), 191 (21), 176 (30), 163 (34), 162 
(38), 106 (98), 105 (100). 
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