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AbJtract - A new procedure for the conversion of deoxycholic acid (14) to 

bufadienolide 27 is reported. 

The cardiac glycosldes which have been used in medicine for more than 200 Years 

still belong to the most prescribed drugs. Because of their ability to slow the 

heart rate and, at the same time, to increase the contractibility of the heart 

muscle they are used in the treatment of heart deseases. A serious problem is, 

houever, the dangerously high toxicity of these compounds. From structure-activity 

studies it is known that the cardioactive properties are exclusively associated 

with the steroid aglycone portions of the cardiac glycosides.’ The heart-active 

steroids can be devlded into the cardenolldes (exemplified by digitoxigenine (6, R, 

R’=H)) and the bufadienolides (exemplified by bufalin (7)). Prominent in their 

structures are (i) cis-fusion of rings B and C, (ii) an oxygen functionality in the 

14-position, and (iii) an unsaturated lactone grouping in the 178-position. The 

lactone consists of a butenolide ring in the case of cardenolides, and an a-pyrone 

ring in the case of bufadienolides. There has been a longstanding interest in 

developing efficient methodologies for the synthesis of cardiotonic steroids with 

the aim of making available structural analogues with an improved therapeutic 

index.2 Behind such efforts a realistic background seems to exist. In the rat two 

different types of cardiac glycoside receptors mediating positive inotropy and 

toxicity have been identified. If two types of receptors could also be dlstingui- 

shed in human heart, there would be hope that more specific and saver drugs could 

be developed.4 Recently, we have introduced a novel strategy for the synthesis of 

cardenolides, such as 6. 5 This approach is centered around a new method for the 

conversion of 14a-H into 14g-OH steroids. For example, photochemical isomerixation 

of the 12-oxo-14a-cardenolide 1 gave the unsaturated secoaldehyde 3 which under 

Prins conditions cyclized to the 12,14-dlols 6 (R or R’=OH), whereas q esylate 4 ob- 

talned from 3 in two steps yielded 6 (R=R’=H) on solvolysis. 

It occurred to us that one could make use of this procedure in a neu bufadienolide 

synthesis. Different from the cardenolide case, however, introduction of the 14-OH 

group cannot be postponed to the last stage of the synthesis. It appears impossible 

to effect selectively the desired photochemical rearrangement of a 12-0~0 bufadie- 

nolide.such as 2 into 5 by irradiation into the n-;-band of the keto‘group since it 

is well-known that a-pyrones absorb at the same wavelength (300 nm) and react from 

the excited state(s) to give formyl ketenes.6 
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In earlier bufadienolide synthetic studies the a-pyrone ripe has been elaborated 

either dlreotly by cyclizgation of unsaturated esters of type 8,7 or from dihydro 
precursors of types 12, 10, ‘*” and 13.11*12 Our ooncebtual approach uaa to 
introduce the lr)B-OH group into a 20-bufeaollde of type 10 (X+SR) and form the 
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missing double bond in the final atege of the synthesis using the methodology 

developed by TrosLt3*” As in our cardanolide synthesls,5 deoxycholic acid (14) 

was selected as starting n’sterial since It has the correct configuretlon at C-5 and 

an oxygen functionality at C-12 which is necessary for the 14B-hydroxylation. 14 

w8a transformed into 16 by (a> Xwaaakl degradetion, (b) Hitsunobu reaction, (01 

phot~oxygtn%t~~n-reduction, end (d) MM2 oxidation, 8s alreedy describcd.5 Swern 

oxidation I5 of 16 gave 17 in 90X yield. 17 was also obtained directly from 15 

using the Suern procedure but the yit&d w%s lower iTOf). What fallows in this 
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article Is (il a description of experiments aimed at the synthesis of bufenolides 

25 and 26 from 16 and 17 Involving a Hlchael addition as a key feature, and (ii) 

the conversion of 25 and 26 into bufadienolide 27.16 

Reaction of 16 with the stabilized anion prepared from 18 with sodium methoxide 

proceeded cleanly in the 1,4-mode to give 21 as a 1.5 (21a) : 1.6 (21b) : 2.0 (21~) 

: 1 (21d) mixture of diastereoisomers isomeric at the newly created chiral centres 

at C-20 and c-23. Medium-pressure liquid chromatography (IIPLC) provided pure 21a 

and 21b whereas 21c and 21d could not be separated. The rather complex CD spectra 

of these compounds (see Experimental) could not be assigned with certainty. Since 

21a and 21b give CD-curves of enantiomorphic appearance th;y presumably differ In 
their configuration both at C-20 and C-23. PCC oxidation of 21a and 21b furnl- 

shed 22a and 22b, respectively, and from the mixture of 21c and 21d ketones 22c and 

22d were obtained which could be separated at this stage. 22d was rather unstable 

and rearranged into 22~. Again, we were unable to deduce the configuration at C-20 

and C-23 from the CD spectra. 
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Our intention was then to prepare the desired bufenolides from 21 and 22 using the 

two-step procedure of Pettit ” which consists of selective saponification of the 

methyl ester and subsequent enollactonization with a catalytic amount of P-toluene- 

sulfonic acid In refluxing benzene. When 21a, 21b, and the 21a/21d mixture were 

individually subjected to these reaction conditions the same mixture of 4 compounds 

was formed (64s combined yield) from which two pure components could be isolated by 

HPLC. FAB-US revealed immediately that instead of the desired enollactones 28 

stereoisomeric dlmers had been formed (m/z=1077,corresponding to (M+H)+). Based on 

extensive spectroscopic studies the general structure 28 was assigned to these 

products. The 13C NUR specta of both compounds displayed only one set of ( 30) 

signals indicating C2 symmetry. The absence of a hydroxyl group was both apparent 

from the ‘H NHR (after addition of 1 equiv of trichloroacetyl isocyanate 20) and 

the IR spectrum. In keeping with this an ether function in the 12-position was 

indicated by the large downfield shift of the C-12 signal (12 ppm) as compared to 

the 12-OH compounds 21a and 21b which is caused by the B-effect of the O-substi- 

tuent. The appearance of a ‘H NHR signal at 6= 5.6 and a 13C NHR signal at 6 =103 

clearly points to the presence of an acetal unit. 

In order to bypass the complications caused by the 12-OH group the 12-0~0 compounds 

22a, 22b, and the mixture of 22c and 22d were individually subjected to Pettit’s 

hydrolysis-enollactonization procedure. In each case a 1:l mixture of the epimeric 

enollactones 25a and 25b was obtained (60% combined yield) which was separated by 

HPLC. The configuration at C-23 of these compounds is at present unknown. An 

analysis of their 250 MHz ‘H NUR spectra (25a: J22, 23=4.0 Hz, J22 23=6.0 Hz; 25b: 

J22,,23=4*9 Hz, J22,23- -6.0 Hz) indicated that both in’ 25a and 25b t)he phenylsulfa- 

nyl substltuent adopts an axial position. 21 

All attempts to cycllze methyl ester 22 directly 22 to enollaotones 25a.b met with 

no success. 23 We therefore examined the possibility of preparing the free acid 
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corresponding to 22 by reaction of 17 with the ester enolate derived from silyl 

ester 32. Unfortunately, only 1,2-adduct 35 was formed (after aqueous work-up) in 

85% yield. We explain this rather unexpected result by a silyl group transfer from 

the anion of 32 to the aldehyde group of 17 giving the dlanlon 33 and the ally1 

cation 34 which react together to give an enol silyl ether from which 35 is formed 

under the work-up conditions. In a more practical route to enollactones such as 25a 

and 25b the unsaturated aldehyde 17 was then reacted with the anion derived from 

tert-butyl ester 19 to give 23 (mixture of diastereoisomers) In 75% yield. The 

analogous reaction of 17 with the ester enolate of the methylsulfanyl compound 20 

provided 24 (mixture of stereoisomers) in moderate yield (38%) along with 31 (two 

stereoisomers, 8% combined yield) and 37 (5%). 37 is obviously formed by deprotona- 

tion of 24, followed by Michael addition to 24 (to give 36) and an intramolecular 

aldol reaction. 31 is derived from the 1,2-adduct 30. The structural assignments 

are consistent with the spectroscopic properties (see Experimental). The configura- 

tion at the newly created chit-al centres of 37 and at C-23 of 31 has not been 

determined. 
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As hoped for and in contrast to a report by Kreiser et al. ,24 refluxlng a benzene 

solution of 23 ( mixture of diastereoisomers) in the presence of p-toluenesulfonic 

acid ( 1 equivl provided 250 and 25b directly in 90s total yield. Similarly, the 
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direct cyclixation of 24 (mixture of stereoisomersj furnished 2ba and 2bb (83%, 1:l 

ratio) which were separated by HPLC. The assignment of the configuration at C-23 in 

2ba and 2bb is based on their CD spectra which will be discussed in a later publi- 

cation. 

To complete the synthesis of 27 the bufenolides 258 and 25b were separately oxi- 

dized with sodium metaperiodate in methanol-W8ter as described by Trost et al., l3 

and the reaction mixtures were then heated in sealed tubes to 140’ C for 1.5h to 

give 27 in 52% and 47% yield, respectively. Similarily, a mixture of 2ba and 2bb 

was oxidized at -78’ C with m-chloroperbenxoic acid in CH2Cl2 solution, l3 Warming 

to room temperature caused already elimination to furnish 27 in 84% yield. 

EXPERIMENTAL 

All 02‘ or moisture-sensitive reactions were performed in oven-dried glassware 

under a positive pressure of argon. Sensitive liquids and solutions were transfer- 

red by syringe, and were introduced into the reaction flasks through rubber septa. 

Usual work-up means partitioning the reaction mixture between water and an organic 

solvent (given in parenthesis), drying the combined organic solutions over Na,SO4 

and removal of the solvent by distillation in vacua at 40°C using a rotatory 

evaporator. The instrumentation used was: ‘H NHR: T 60 (Varianj; WP 80 (Brukerj; 

WH-250 Bruker, AM-400 (Brukerj; 13C NHR: AM-400 (Brukerj; IR: Perkin Elmer 257; MS: 

MAT-731 and MAT-CH-5 (Finniganj; HPLC: Medium-pressure chromatography using 31.0 

cm x 2.5 cm glass tubes, silica gel Grace (50 mj, Duramat Pump (CfGj; Thomachrom 

UV detector (Reichelt). The FAB mass spectra were obtained using a Finnigan MAT-731 

instrument. Samples were dissolved in DHSO, and the matrix (triethyl citrate) was 

added. The solutions were placed on 8 stainless steel probe tip 25 and bombarded 

with 6 KeVXenon from a modified SaddleField Ion Source. 

26 

Starting with phenylsulfanylacetic acid, the Fischer esterification method 27 was 

used : yield 90%. 

i!&rt-Buu 
Methylsulfanylacetic acid (7.0 ml, 0.08 mmolj and SOC12 (9.0 ml, 0.12 mmolj were 

heated to 60°C for 30 min. Excess SOC12 was removed by evaporation at 30°c/ 7.86 

kPa. To a solution of the acid chloride in dry ether (19 ml) tert-butyl alcohol 

(8.0 ml, 0.08 mmolj and dimethylaniline (12.0 ml, 0.09 mmolj were added at O’C, and 

the reaction mixture was stirred at 20°C for 12 h. After addition of ether (50 mlj 

the solution was washed with 2N HCl (3x) and with 5% NaHC03 (2x30 ml), dried over 

Na2S04 and evaporated. Short-path distillation (30-32’C/ 13.3 Paj gave 20 (6.4g, 

50%j.-IR (CCl,j: 1720 cm” (COj.- ‘H NMR (60 MHz, Ccl,): 6~1.42 (s,OC(CH,j,j, 2.13 

(s,SCH3j, 2.94 (s,CH2j,- (Found: C, 51.87; H, 8.73. C7H14G2S (162.2) reiu‘ires C, 

51.82; H, 8.701. 

tert-Buye (lqj. 

Starting with phenylsulfanylacetic acid, the above procedure was used: yield 50%.- 

B.p. 111°C/13.3 Pa.- TR (CC14): 1720 cm-l (CO),- ‘H NXR (60 MHz,CC14): 6~1.33 (s, 

OC(CH3131, 3.37 (s,CH2j, 6.93-7.33 (Ar-Hj.- (Found: C, 64.30; H, 7.21. C12H1602S 

(224.3) requires C, 64.25; H, 7.19). 

aj To a suspension of NaH i 55X in oil, 0.67g, is mmolj in CH2C12 at 0°C was added 
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slowly a solution of phenylsulfanylacetic acid (2.Og, 12 mmol) in dry CH2C12 (30 

ml). The reaction mixture was then refluxed for 55 min. At O°C He3SiC1 (6 ml, 47 

mmol) was added and the mixture refluxed for 1211. Evaporation of the solvent and 

distillation at 82*C/5.3 Pa gave 32 (2.2 g, 76%). 

b) To a solution of phenylsulfanylacetic acid (1.09 g, 6.48 mmol) in dry CH2C12 

(1.5 ml) at ambient temp. was slowly (exothermic reaction) added the trimethylsilyl 

ketene acetal derived from methyl propionate 28 (1.5 ml, 8.87 mmol). The mfxture 

was stirred at 20°C for lh. Evaporation of the solvent, methyl propionate, and of 

excess ketene acetel under reduced pressure gave 32 (1.66, 100%) which was used 

without further purification.- IR (CC14): 1710 cm -' (CO).- 'H NMR (CC14): 6=0.22 

(s,Si(CH3)3), 3.47 (s,CH2), 6.73-7.33 (Ar-H).-Found: 240.0640 (MS). Calc for 

C11H,602SSI: 240.0627. 

18-Acetolru 0x0 __" 2U&iir~ -.. --__ 5g w 20 en 22 aI (17L 

a) Swern oxidation of lb: To a solution of oxalyl chloride (28.5 ~1, 0.33 mmol) in 

anhydrous CH2C12 (0.75 ml) at -55'C was slowly added a solution of dry DMSO (50 til, 

0.70 mmol) in anhydrous CH2C12 (150~1). After 5 min, to the stirred solution was 

sIowIy added at -55'C a Solution of 16 (117.0 mg, 0.30 mm011 in CH2C12 to.30 ml). 

After 30 min at -55'C triethylamine (0.25 ml) was added and the reaction mixture 

warmed to ambient temp. Usual work-up (ethyl acetate) and HPLC (hexanes - acetone 

1O:l) furnished 17 (105.5 q g, 90%). 

b) Using the above procedure 15 (121.2 mg, 0.3 mmol) was oxidized with DMSO (98 111, 

1.4 mmol) and oxalyl chloride (58.7 ul, 0.7 mmol) to give 17 (84.0 mg, 70f).- W-p. 

140-142'C (from CH2C12-hexanes).- IR (CC14): 1735 (ester), 1705 (ketone), 1615 cm" 

(C=C).- 'H NMR (80 MHz, CDC13):6=0.96 (s,CH3-18), 1.09 (s,CH3-19), 2.07 (s,3B-OAc), 

3.09-3.45 (m,Wl,2= 6.0 Hz, 3a-H), 6.11 and 6.19 (CH2-21), 9.57 (s, 22-H).- MS: m/z 

(I)= 386 (5, Hf), 358 (loo), 314 (63), 255 (54).- (Found: C, 74.65; H, 8.89. 

C24H3404 (386.5) requires C, 74.58; H, 8.87). 

Beaction of 16 with 

Sodium methoxide was prepared from sodium (2.3 mg, 0.1 mmol) and dry methanol (1 

ml). Excess methanol was removed by evaporation. A solution of 18 (980 mg, 5.3 

mmol) in dry DHF (10 ml) was added to the sodium methoxide and the mixture stirred 

for 5 min at 20°C, A solution of 16 (590 mg, 1.5 mmol) in dry DNF (20 ml) was then 

rapidly added dropwise at 20°C. This mixture was stirred at 20°C for 20 min and 

then quenched with dilute HCl. Usual work-up (CH2C12) and HPLC (hexanes - ethyl 

acetate 7:2 -t7:4) afforded 21a (151.3 mg), a mixture of 21a and 21b (79.1 mg), 

2lb (202.2 mg), a mixture of 21b, 21c, 21d (15.0 mg), a 2:l mixture tlH NMR) of 21~ 

and 21d (390.0 mg). Total yield of 218, 21b, 21c, 21d: 837.5 mg (go%).- 

24-oate.(21a. .ac dLl.4.L 
21a: H.p. 150-152'C (from CH2C12-hexanes).- IR (CC14): 3600-3400 (OH), 1740 cm"' 

(CO).- 'H NMR (80 MHz, CDC13):6= 0.70 fs,CH3-18), 0.96 (s,CH3-19), 2.05 ~s,3&OAc), 

3.50-4.00 (m, 2H), 3.65 (s,0CH3), 5.09 (m, Wl,2= 7.2 HZ, 3a-H), 7.20-7.55 (Ar-H), 

9.55 (d, Jr: 3.6 Hz, 21-H).- 13C NHR: see Table l.- CD (CH3CN): a max (AC)= 329 

(-O.I8), 319 f-0.13), 274 (+2.74), 233 f-1.15), 219 (+2.12), 197 nm (+3,16).- MS: 

m/z (%) = 570 (4, Hf), 358 (53), 298 (28), 194 (loo), 182 (31), 135 (46).- (Found: 

C, 69.38; H, 8.10. C33H4606S (570.8) requires C, 69.44; H, 8.12). 

2lb: IR (CC14): 3600-3300 (OH), 1720 cm" (CO).- 'H NHR (80 WHz, CDC13): 6~ 0.62 

(s,CH3 -18), 0.92 (s,CH3-19), 1.58 (OH), 2.06 (s,3B-OAc), 3.43-3.85 (m, 2 H), 3.67 

(s,OCyg), 5.08 (m, W,,2 = 7.2 Hz, 3a-H), 7.21-7.65 (Ar-H), 9.75 (d, J= 3.1 Hz, 21- 
H).- C NNR: see Table l.- CD (CH,CNf:kmax (AL)= 312 f+0.47), 271 c-2.86), 233 
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(+0.43), 219 (-l&6), 194 nm (-4.641.- MS: m/z (s)= 570 (4, W?), 538 (12), 376 

(271, 358 (711, 298 (571, 194 (loo), 182 (34), 135 (70). 
2lc,d (2:l mixture): IR (CC14): 3600-3300 (OH), 1725 cm" (CO).- 'H NHR (80 MHz, 

CDC13) 6= 0.68 (s&H3 -18 of 2101, 0.72 (s,CH3-18 of 21d), 0.97 (s,CH3-‘9 of 2101, 

0.99 (s,CH3- 19 of 21d), 2.05 (s,3&OAc of 2101, 2.06 (s,38-OAc of Zld), 3.41 -3.91 

(a, 2H), 3.70 (s,0CH3), 5.08 (ID, W,,2=7.2 Hz, 3a-H), 7.20 - 7.65 (Ar-H), 9.60 fd, 

5~3.6 Hz, 21-H of 21d), 9.75 (d, J=3.6 Hz, 21-H of 21c).- CD (CH3CNk 
max ( )= 

314 (+0.32), 271 (+0.95), 231 (-0.651, 207 (-0.26). 199 nm (+0.94).- Found: 

570.3015 (MS). Calc for C33H4606S: 570.3015. 

To a suspension of pyridinium chlorochromate (77.8 mg, 0.36 mmol) and sodium ace- 

tate trihydrate (9.8 mg, 0.07 mmol) in CH2C12 (0.4 ml) was rapidly added dropwise a 

solution of 21c121d (2:l mixture, 137.1 mg, 0.24 mmol) in dry CH2C12 (0.5 ml). The 

mixture was stirred for 90 min at 20°C. Dry diethyl ether (3 ml) was added. The 

supernatant liquid was separated by decantation, and the residue was washed 

thoroughly with ether. The combined ether solutions were filterd through a pad of 

silica gel. Following solvent evaporation the residue was separated by NPLC (he- 

xanes - ethyl acetate 7:3) to furnish 22d (21 mg>, a mixture of 22d and 22c (64 

mg), and 220 (21 mg). Total yield of 22~ and 22d: 106.0 mg (8OS). 

Using the above procedure 22a was obtained from 21a (65%) and 22b from 21b (78%). 

228: IR (CC14): 1740 and 1715 cm” (CO).- 'H NHR (80 MHz, CDC13):6= 1.04 (s,CH3- 

181, 1.08 (s,CH3 -191, 2.08 (s,3bOAc), 3.41-3.72 (m, lH), 3.68 (s,0CH3), 5.08 (m, 

W1,2= 7.0 Hz, 3-&l), 7.18-7.66 (Ar-HI, 9.70 (d, J= 3.5 Hz, 21-H).- CD (CH3CN):* mar 

(Aof=319 (-0.161, 309 f+O,8), 276 (+1.82), 243 (-0.411, 221 nm (+1.08).- MS: m/z 

(X) = 568 (4, Ht), 508 (35), 387 (SO), 374 (loo), 341 (93). 

22b: H.p. 138-140°C (from CH2C12-hexanes).- IR (ElII): 1730 and 1700 cm” (CO).- ‘H 

NHR (80 MHZ, CDC13): 6= 0.99 (s,CH3-181, 1.03 (s,CH3 -191, 2.04 (s,3g-OAc), 3.39- 

3.75 (m, lH), 3.66 (s,OCH3), 5.07 (m, W1,2= 6.5 Hz, 3a-H), 7.08-7.62 (Ar-H), 9.50 

(d, JzY.1 Hz, 21-H).- CD(CH3CN): A max (Ale)= 324 (+0.18), 307 (+0.69), 271 (-3.041, 

233 (+0.95), 220 (-l.711, 195 nm c-6.61).- HS: m/z (%I = 568 il,M?), 508 (76), 374 
(791, 341 (loo).- (Found: C, 69.88; H, 7.88. C33H4406S (568.8) requires C, 69.69; 

H, 7.80). 

22c: H,p.: 153-155OC (from CH2C12-hexanes).- IR (CC14): 1745 and 1715 cm” (CO).- 

‘H NWR (80 MHz, CDC13): 6: 0.90 (s,CH3-18), 0.93 (s,CH3- 191, 1.93 (s,3&OAc), 3.14- 

3.60 (m, lH), 3.47 (s,0CH3), 4.85 (m, W,,2= 5.5 Hz, 3a-H), 7.03-7.48 (Ar-H), 9.34 

(d,J= 5.1Hz, 21-H),- CD (CH3CN): Amax (AE) = 308 (+0.90), 276 (+3.91), 230 t-2.581, 

205 nm c-3.64).- MS: m/z f%) = 568 (4, Mt), 508 (40), 387 (531, 374 (91). 341 

(loo).- (Found: C, 69.64; H, 7.87. C H 0 S (568.8) requires C, 69.69; H, 7.80). 

22d: IR (CC14): 1740 and 1715 cm -13&.j+)4 61 .- W NHR (80 MHz, CDC13): 6= 1.02 (s,CH3- 

181, 1.07 (s,CH3-191, 2.04 fs,3g-OAc), 3.44-3.69 (m, lH), 3.62 (s,OCH3), 5.07 (m, 

Wl,2~6.6 Hz, 3a-H), 7.01-7.48 (Ar-H), 9.34 (d, Jz5.1 HZ, 21-H).- HS: m/z ($> = 568 

(1, H:), 508 (loo), 387 (161, 374 (610, 341 (88). 

To a stirred solution of 21o/21d (2:l mixture, 81.7 mg (0.14 mmol)) in THF (6 ml) 

and methanol (3 ml) at 20°C was slowly added 5% aqueous NaHC03 solution (5 ml). The 

mixture was left at 20°C for 30 min and then neutralized with dilute HCl. After 

usual work-up fCH2C12) the residue (65 mg) was dissolved in dry benzene (20 ml), 

and the mixture was refluxed after addition of p-toluenesulfonic acid (1.8 mg, 0.01 
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mmol) for 20h using a Soxhlet apparatus charged with 4 A molecular sieves (2g) to 

remove water. After cooling to 20°C the mixture was washed with 51 NaHC03 solution. 

Solvent evaporation followed by HPLC (hexanes -ethyl acetate 9:2) furnished 29a 

(11.0 mg), a 1:l mixture ('H NHR) of 29b and 29c (16.7 mg), a mixture of 29b 290, 

and 29d (9.0 mg), and 29d (10.8 mg). Total yield of 29a, 29b, 29o, 29d: 47.4 mK 

(64% ,based on 21a/21d). Using the above procedure 21a and 21b were individually 

converted into the same mixture of 298, 29b, 29c, and 29d. 

29a: H.P.: 264-267'C (from CH2C12-hexanes).- IR (cCl4): 1740 and 1770 cm" <CO).- 

'H NHR (250 MHz, CDC13): o= 0.76 (s,CH3-18), 0.98 fs,CH3-19), 2.09 (s,3B-OAc), 3.72 

(m, Wli2= 7.9H2, 128-H), 4.18 (X-part of an ABX system J23,22+J23,22, =18.7 Hz, 23- 

H), 4.81 (m,W,,2= '7.9H2, 3o-H), 5.45 (broad s, 21-H), 7.22-7.73 (Ar-Hf.- 13C NMR: 

see Table I.- FAB-MS: m/z = 1077 ((M+H)+). 

29b/29o: IR (CC14): 1740 and 1770 cm-' (CO).- 'H NHR (250 MHz, CDC13):6= 0.77 and 

0.78 (29, CH3-18 of 29b and 29a), 0.98 and 1.02 (29, CH3 -19 of 29b and 29a), 2.06 

and 2.07 (2s,3B-OAc of 29b and 29~) 3.76 (m, Wl,2- -8.3 Hz, 12B-H), 3.95 and 4.19 (X- 

parts of ABX-systems, J23,22+J23,22, - -18.7 Hz, 23-H of 29b and 29c), 4.81 (m, Wlj2= 

8.7Hz, 3a-H), 5.47 and 5.51 (2 broad s's, 21-H of 29b and 29c), 7.21-7.68 (Ar-H). 

29d: IR (CC14): 1740 cm" (CO).- 'H NMR (250 MHz, CDC13): 6= 0.74 (s,CH3-18), 0.96 

(s,CH3-lg), 1.98 (s,3B-OAc), 3.66 (m, Wl,2= 7.9 Hz, 128-H), 3.84 (X-part of an ABX 

system* '23,22+J23,22'- -18.5 Hz, 23-H), 4.72 (m, Wl,2= 8.3 Hz, 3u-H), 5.44 (broad s, 

21-H), 7.15-7.75 (Ar-H).- FAB-MS: m/z = 1077 ((M+H)+), 1017 ((M+R-HOAc)+).- 13C 

NHR: see Table 1. 

acid (-). 
To a freshly prepared solution of LDA 28 (0.12 mmol) in THF (0.17 ml) containing a 

small amount of 2,2-dipyridine 29 at -78'C was added over 10 min a solution of 32 

(0.12 mmol) in dry THF (0.7 ml), The mixture was stirred at -78'C for 30 min 

(change of colour from red to yellow). A solution of 17 (30 mg, 0.07 mmol) in dry 

THF (0.1 ml) was added. After lh the reaction mixture was warmed to 20°C and the 

reaction was quenched with 51 NH4Cl (0.1 ml). Usual work-up (ethyl acetate) gave 35 

(33.5 mg, 85!b).- IR (CC14): 3700-2400 (OH), 1730, 1700 (CO), 1640 cm" (C=C).- 'H 

NHR (80 MHz, CDC13): 6~ 0.97 (~,CH3-18), 1.07 f~,CH3*19), 2.05 (s,~B-OAC), 4.15 

(d,23-H), 4.72-5.53 (m,5H), 4.85 (d,22-H), 5.06 (m, 3a-H), 5.14 (broad 5,21-H), 

5.47 (broad s, 21-H), 7.15-7.68 (Ar-H), J22,23 =5.0 Hz (decoupling experiment).- 
FAB-HS: m/z = 555 ((C32H4206S+H)+), 577 ((H+Na)+). 

tert-&Q&l (27 2s ) ?B-acetoxv-l?.2l..dioyg 27 ohenvlsuLfanv 24 m * _ P, _ - 

GJ7. wre of stereoisomers). 

To a stirred slurry of NaH (551 in oil, 46.Omg, 1.0 mmol) in dry 1,2-dimethoxy- 

ethane (DHE) at O°C was added dropwise tert-butylalkohol (98.7 ~1, 1.0 mmol). Once 

the addition was complete the mixture was stirred at 20°C for lh. To a solution of 

17 (233.1 mg, 0.6 mmol) and 19 (270 ~1, 1.2 mmol) in DHE (3 ml) were added at 20°C 

0.23 ml CO.14 mmol) of the freshly prepared suspension of sodium tert-butoxide in 

DME. The reaction mixture was stirred at 20°C for lh and then quenched with 0.1 N 

HCl (0.3 ml). Usual work-up (ethyl acetate) and HPLC (hexanes - ethyl acetate 1O:l 

--~4:1) gave 23 as a mixture of stereoisomers (273.3 mg, 75g).- IR fCC14):1740- 

1700 cm" (CO).- 

18 and 

'H NHR (80 KHz, CDC13):6= 1.00, 1.03, 1.05, and 1.07 (4 s's, CH3- 

CH3 -19 signals), 1.32 and 1.34 (2 s's, 0C(CH3)3 signals), 2.03 (38-OAc), 

3.26-3.58 (m, 23-H), 5.02 fm, W,,2= 8.0 Hz, 3a-H), 7.15-7.56 (Ar-H), 9.51 fd, 

J20,21= 4.2 Hz, 21-H).- MS: m/z (Z)= 554 (4, (H-tertBu)+), 509 (16), 508 (36), 482 

(ll), 427 tl?), 374 (90), 341 (54), 57 (100). 
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Beact&D of 20 with 17. 

20 and 17 were reacted using the procedure described for the preparation of 23. KH 

was used instead of NaH. MPLC (hexanes - ethyl acetate 3:l) gave 31 (32.6 mg, 51), 

24 (244.0 mg, 381), 37a (74.8 mg, 7X), and 37b (15.3 q g, 1%). 

- 21 _ methvlsulfanvl-12.21-du.20 E- cw - 34 - oa 

re of B 

IR (CC14): 1730-1700 cm” (CO).- ‘H NHR (80 MHz, CDC13):6= 1.00, 1.01 (6H), and 

1.04 (s’s, CH3-18 and CH3-19 signals), 1.46 and 1.48 (2 s’s, OC(CH3)3 signals), 

2.00 (3l3-OAc), 2.10 and 2.12 (2 s’s, SCH3 signals), 2.75-3.05 (m, 17a-H), 5.05 (m, 

W ,,2= 7.0 Hz, 3-H), 9.45-9.62 (m, 21-H).- MS: m/z (%) = 533 (4, (C31H4806S-CH3)+), 

477 (17), 446 (12), 402 (12), 387 (36), 374 (52), 341 (431, 57 (100). 

?4-oate (m 

IR (CC14): 1730 and 1705 cm” (CO).- ‘H NHR (80 MHz, CDC13): 6 = 0.93 (s,CH3-18), 

1.05 (s,CH3-19), 1.52 (s,OC(CH~)~), 2.05 (s,3&OAc), 2.12 (s,SCH3), 2.85-3.20 (m, 

17 -H), 5.05 (m,w1,2= 7.0 Hz, 3a-H), 5.31 and 5.45 (m, W,,2=3.6 Hz,CH2-21), 7.46 

(broad s, 22-H).- MS: m/z (5)~ 530 (8, Ht), 399 (32), 381 (loo).- Found: 530.3054 

(MS). Calc for C3,H4605S : 530.3066. 

Bert-Butvl (1 G .7 D .4 El U 5, 3.5 - U,~(~&&OXV -- 12 0x0 -- 5B mostan - 178 - vl) *- 7 
- - - - 

37a: IR (CC14): 3400 (OH), 1730, 1710 and 1690 cm” (CO).- ‘H NHR (80 MHz, CDC13) 

6=1 .Ol 1.05 (6H) , and 1.11 (3 s’s CH3-18 and signals), 1.40 (s,OC(CH~)~), CH3-19 

2.03 (s,38-OAc), 2.10 (s,SCH3), 2,50 (broad s), 2.86-3.19 (m,l7a-H), 3.61 (4*-H), 

4.68 (d, OH), 5.01 (m, W1,2= 6.0 Hz, 3a-H), 9.66 (s, -CHO), J4,,0H=5.0 Hz.- FAB-US: 

m/z = 935.6 ((C55H820,0S+H)+). 

37b: IR (CC14): 3410 (OH), 1730, 1710 and 1690 cm-’ (CO).- ‘H NHR (80 MHz, CDC13): 

6=1.00 (overlapping CH3-18 and CH3-19 signals), 1.45 (s,OC(CH~)~), 1.95 (s,SCH3), 

2.00 (s,3&OAc), 3.55-3.78 (m, 4’-H), 4.75 (d, OH ), 5.02 (m,W,,2= 7.0 Hz, h-H), 

9.75 (CHO), J4,,0H=5.0 Hz.- FAB-MS: m/z = 935.6 ((C55H82010S+H)+). 

of 24, 

A solution of 24 (mixture of stereoisomers, 104.0 mg, 0.19 mmol) and p-toluenesul- 

fonic acid (42.5 mg, 0.18 mmol) in benzene (40 ml) was refluxed for 7 h. The reac- 

tion flask was connected to a Soxhlet apparatus charged with 4 A molecular sieves 

for removal of the water formed in the reaction. After cooling usual work-up 

(benzene) and HPLC (hexanes - ethyl acetate 6:l) gave 26a (26.4 mg), a mixture of 

26a and 26b (14.6 mg), and 26b (30.0 mg). Total yield: 71.0 mg (83%). 

17W-30-Acetozv _- 17 0x0 -- 23_metbvlsulfanvlUbuf -- -- (76aL 

H.p.: 108-l 12’C (from acetone).- IR (CC14): 1750, 1730 and .1700 cm” (CO).- ‘H NllR 

(400 MHz, C6D6): 6= 0.55 (s,CH3-l8), 0.78 (s,CH3-19), 1.75 (s,3B-OAc); 1.98 

(s,SCH3); 2.51 (22-H), 2.72 (22’-H), 2.73 (broad s, 17a-H), 3.13 (23-H), 5.07 (m, 

W,,2=4.5 Hz, 3a-H), 6.30 (m, W1,2- -5.0 Hz,21-H); 21-H, 22-H, 22’-H, and 23-H form a 

4-spin system; from a decoupling experiment: iJ22,22,1=18.1 Hz, J22,23= 6.2 Hz, 

J22,,23= 2.7 HZ.- CD (CH3CN): A max (A E )= 264 (+9.3), 235 nm l-5.3).- MS: m/z (%) 

= 474 (< 1, of), 426 (loo), 366 (26), 349 (36).- ( Found: C, 68.38, H, 8.11. 

c27~3805S (474.6) requires C, 68.32, H, 8.11).- 

(23R)-30-Acetoxv-l?-oxo-23-mcthvlsulfanvbuf 20 enolida - - (26ti 

IR (Ccl,,): 1750, 1730 and 1700 cm” (CO).- ‘H NMR (80 MHz, CDC13: 6= 1.02 (s,CH3- 
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181, 1.06 (s,CH3-19), 2.03 (s,3B-OAc), 2.19 b,SCH3), 2.20-3.00 (m, which includes: 

2.82 ("d", J= 5.0 Hz, CH2-221, 3.45 (dd, J22,23=J22,,23- -5.0 Hz, 23-H), 5.06 (m, 

wl/2 = 6.0 Hz, 3orH), 6.38 (m, 21 -HI.- CD (CH CN): k max (Ae) = 297 (+0.96), 263 

t-7.661, 235 nm (+4.07).- 
I 

MS: m/z (!A)= 474 (l,H.), 426 (loo), 366 (271, 349 (23). 

5&-w 20 _ _ v 

a) Using the procedure described for the conversion of 21 into 29, a 1:l mixture 

('H NHR) of 25a and 25b was prepared from 22c/22d. The mixture was separated by 

MPLC (hexanes -ethyl acetate 5:l). Total yield of 25s and 25b: 45% (based on 

22c/22d). Using the same procedure, 25a/25b (1:l mixture) were obtained from 228 in 

a total yield of 60X and from 22b in 75% yield. 

b) Starting from 23, the procedure described for the conversion of 24 (mfXtUre of 

stereoisomers) to 26a and 26b nas used. Yield of 256 and 25b (1:l mixture, 'H NHR): 

901. 

25a: l4.p. 189-19l'C (from CH2C12-hexanes).- Ill (CHC13): 1768, 1740 and 1715 cm" 

(CO)*- 'H NMR (250 MHz, C6D6): 6= 0.63 (s,CH3-181, 0.88 (s,CH3-191, 1.83 (s,3B- 

OAc), 2.65 (22-H), 2.75-2.89 (m,l7acH>, 2.99 (22*-H), 3.80 (23-H), 5.19 (m, W1,2= 

5.3 Hz, ja-H), 6.38 (21-H), 6.99-7.81 (m,Ar-H); 21-H,22-H,22*-H,and 23-H form a 4- 

spin system; from a decoupling experiment: lJ22 22,1=17.9 Hz, J22 23=6.0 Hz, 

J22,,23=4.0 Hz.- MS: m/z f%) = 536 (2, Mf), 427 (?OO), 367 (ll), 34's (25).- CD 

(CH3CN): A max (Ao) = 310 (+0.23), 284 t-1.581, 252 (-l.691, 240 (+1.77), 227 (- 

1.57), 211 nm (-2.40).- (Found: C, 71.56; H, 7.57. C32H4005S (536.7) requires C, 

71.61; H 7.51). 

25b: H.p. 203-206'C (from CH2C12- hexanes).-IR (CHC13>: 1768, 1735 and 1710 cm"' 

(CO).- 'H NMR (250 MHz, C6D6): 6= 0.84 (CH3-181, 0.88 (CH3-191, 1.85 (38-OAc), 2.61 

(22-H), 2.73-2.88 (m,l'Ta-H), 2.99 (22'-H), 3.78 (23-H), 5.18 (m, W1,2= 5.6 Hz, 3 - 

Hf, 6.38 (21-H), 6.93-7.83 (Ar-H); 21-H,22-H,22'-H, and 23-H form a $-spin system; 

from a decoupling experiment:tJ22,22,1=17.9 Hz, J22 23=6.0 Hz, J22, 23=4.9 Hz).- 

MS: m/z (f) 2: 536 (3,Mf), 427 (loo), 367 (91, 349 (2b).- CD (CH3CN& max (de) = 

310 (+0.2), 286 (+3.04), 252 (+1.70), 240 t-2.281, 228 (+0.79), 220 f-0.37), 211 nm 

f+1.35).- (Found C, 71.68; H, 7.54. C 32H4005S (536.7) requires C, 71.61; H, 7.51). 

38-A-t&w __ __ . 13 OYQ 56 bufa 
a) To a stirred solution of 258 (29.0 mg, 0.05 mmol) in CH3CN (2 ml) was added 

dropwise a solution of NaI04 (120.6 mg, 0.5 mmol) in methanol-water 1.7:l (1.8mI). 

The reaction vessel was then sealed with a rubber septum and the mixture was heated 

to 140°C for 90 min. After cooling the mixture was filtered through silica gel (7g, 

elution with hexanes - ethyl acetate 5:l). Evaporation of the solvents and HPLC 

(hexanes - ethyl acetate 3.6 : 1) gave 27 (11.0 mg, 521).- Using the same proce- 

dure, 25b was converted to 27 in 47% yield. 

b) To a solution of 26a and 26b (1:l mixture, 40.6 mg, 0.1 mmol) in dry CH2C12 (1 

ml) at -78' C was added within 3 min a solution of 85% m-chloroperbenzoic acid (19 

q g, 0.1 mmol) in dry CH2C12 (0.5 ml). The mixture was stirred at -78'C for 35 min 

and then added to 10s Na2S03. After addition of CH2Cf2 the organic layer was 

separated, washed with H20, dried over Na2S04 and then left at 20°C for 36 h. 

Evaporation of the solvent and MPLC (hexanes - ethyl acetate 2:l) gave 27 (30.8 mg, 

84%).- H.p. 183-186'C (from CH2C12/hexanes).- IR (CC14): 1740 and 1715 (CO), 1645 

cm -' (C=C).- 1H NMR (80 MHz, CDC13): 6= 0.90 ts,CH3-181, 1.08 (s,CH3-191, 2.03 

fs,3LOAc), 3.02-3.38 (m, 17a-HI, 5.09 (m, Ut,2= 9.0 Hz, 3a-HI, 6.26 (dd,23-HI, 

7.43 (m, 21-H), 7.68 (dd, 22-H), J2, 22=3.0 HZ, J22 23=10.0 HZ, J21 23=l.6 Hz).- CD 

(CH3CN): X max ( AE: f = 321 (-0.601; 280 (+1.12); t?57 (+0.99), 237'(+0.92), 216 

(-2.081, 191 (+6.38).- MS: m/z (s) = 426 (100, Mt,, 411 (19), 366 (40), 323 (15>.- 

( Found C, 73.16; H, 8.00. C26H3405 (426.5) requires C, 73.21; H, 8.03 ). 
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Table 1. 13C spectral data Gwmlues) of ccmpmds ala, 2?b, 29a, and 290 (in CDC13) 

Assignment 21a 21b 298 29c 

CH3-1 8 13.16 13.49 12.82 12.86 

GH3-CO 21.53 21.47 21.56 21.56 

CH3-19 23.56 23.50 23.71 23.53 

23.77 23.19 24.32 24.53 

24.86 24.83 24.3% 24.59 

25.53 25.71 25.59 26.14 

25.80 25.86 26.92 26.50 

CH2 signals 26.35 26.29 27.02 27.32 

29.50 28.71 27.96 26.68 

29.96 31.35 30.23 29.3% 

30.50 30.47 30.78 30.81 

30.59 30.53 31 l 02 31 l 20 

c-10 34.41 34.3% 35.57 35.66 

c-13 47.09 46.24 46.33 46.51 

33.23 33.20 33.96 33.05 

35.81 35.72 35.99 36.42 

37.27 37.23 36.95 37.30 

CH signals 41.90 42.12 43.00 41.66 

47.36 47.70 47.51 44.79 

47.61 47.97 47.70 46.67 

52.43 52.67 43.06 44.65 

O-CH3 52.29 52.2% 

C-3 70.68 70.68 70.96 71.26 

c-12 72.20 71.02 83.17 84.21 

128.39 128.39 129.64 127.57 

ArC signals 128.96 129.02 130.28 129.21 

132.40 132.42 134.68 130.60 

133.45 133.21 135.04 135.09 

CH3l;O 170.75 170.66 170.54 f70.45 

c-24 172.30 171.96 171.12 170.02 

C-21 203.85 205.50 103.06 102.85 
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