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Abstract - A flexible approach to ecdysteroids, chain elongated at C-26 and C-27, is repor- 
ted. Key features are the addition of 5-lithio 2,3-dihydrofurans (3) to post- 
sterui (10) and a stereoselective reduction of the 22-W group. 

&gkarcqd 

Ttw steroid hwmone 20-hydroxyecdysone (1) plays a key role in the developnent of Drosophila 

mslanogastsr (and of insects. in general) .4 Drosophila develcqnsnt is divisible into ssbryo- 

genesis, three larval instars. and the prenupal and pupal stages. Each of these stages is 

marked by a pulse of 1. The late third instar pulse triggers the lat-val-to-adult mstsnorpho- 

sis. In larval salivary glands this puls induces the for-s&ion of a anell set of puffs. It 

is assuned that these “early puffs” sncods regulatory proteins that recess their ow ex- 

pression and induce the formation of a great nwtber of “late puffs”. 1 inducible products 

are believed to play a key role in initiating mstamot-phosis.5 Ashburner et al.6 have propo- 

sed saw fifteen years ago that transcription of the early genes is directly induced by an 

ecdysone-recentor ccwlex. In cc&t-a& to vertebrate steroid hormone receptors.7 the ecdy- 

steroid receptor was until recently virtually uncharacterized (probably caused by the low 

concentration of the r-we&or in the target cells and t.hs limited stability of the hot-sone- 

recwtor cawlex) . 4 
OHOH 

. . ti C&R* 

0 

schcmc 1 

We decldsd sane time ago to prepare a biologically active derivative ot 1 that (i) contains 

a (latent) chsmically reactive group, and (ii) a radioactive label. such a cawcund could 

be (i) covalently attached to the receptor via ths t-eective group, thus permitting its 

ids&if icaticn~ (affinity labeling’b), (ii 1 bound to a matrix in order to uXlCentrate ci- 

even isolate the receotor through affinity chramtography ,s and (iii), after isolaticn of 

the recsptor protein, be used in determining the hormme binding site. Fran struoture-acti- 

vity studies it is km that essentially all the functional groups in 1 are required10 8 11 
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to ensure full biological activity and cannot bs used to attach a potential ccupling grw. 

kkwevsr,structural ehangesattheendofthesidschainappearnottocausealossofacti- 

vity as can be judgsd fran the high biological activity of pmastsrcne A (lb) and 26iodo- 

pmastsrons A,*= and ths moderate activity of cunpouM l~.*~ 

We t-snort hsre a flexible approach to the synthesis of ecdysteroids with substiturnts at C- 

26 and C-27. Thea cc#mowh have been show to be biologically active and ons of thsm was 

successfully used for affinity labeling of a partly purified ecdysterid receptor (vide 

infra). 

chemical synthesis of e&steroids is a lcngstanding prcblsan.lz Ths s&hods that have bssn 

developed for side-chain construction are summarized in Schsms 2. The main problem is, of 

course, to control ths configuration at C-20 and C-22. Starting materials were C-22 or C-20 

carbanyl m of typs a and b. respectively, tiich wsre converted in meny synthetic 

schemes to the central intsrmsdiate h. $3 Canversion of b to e follows ths Cram rule.14 Addi- 

tion of an or gemmetallic reagent to h yields an addition product of type j cr k with the 

correct configuration at C-22 (cyclic Cram model). As can be sew7 fran Schsfns 2, forfmtion 

of the 20-hydroxy-ecdysone side chain as in n using this type of approach is rather lengthy. 

Recently, Ksanstani et al .I5 intrw the seguence b -> c --> g -> i -> m --> n, in 

Mich the ccnf iguration at C-20 is controlled by ths Cram rule and that at C-22 in the 

reduction step g --> i. The most straightforward approach fran b to n was reported by the 

Schering and Hoffmann - LaRoche grcups. 16 It consists of acetylide addition to b (b --> f), 
hydration of the triple bond (f --> 1) and hydride reducticn (1 --> n). Ths only shcrtcuning 

of this process is the pcor stereocontrol (b --> f: d.e. 60%; 1 --> n: (22R):(225) = 

1:1917). We decided to follm the retrosynthetic sequence depicted in ths 1~ part of 

Scheme 2. It was anticipated to introduce ths cur0let.e side chain via acyl anion synthon p. 
for which lithiated dihydrofurans of type cl were selected as synthetic equivalents. This 

approach demands a method for ths stereoselective synthesis of ths dihydrofuran precursors 

of q as well as directing ths stersochsmical outcome of the 22-keto grcun rsducticn in the 

desired sense. This papsr reports the addition of q to b as well as the reduction of o to n. 
The synthesis of conpounds q wa6 already reported in a preliminary form, 1 a full account of 

this work wi 11 bs ths subject of a forthconing publication. 

Mode 1 . 

Treatment of 2 with the lithiated dihydrofurans 3a-3c led to the fortmtion of the very acid- 

sensitive addition products of type 4 which were normally directly converted to ths cor- 

responding 22-ketones 7. &ly 4b was isolated and fully characterized. If 2a with the free 

3-W group was the starting material. an excess (normally 4 equiv.) of3hadtobesm- 

ployed. For Silyl ether 2b 1 eouiv. of 3c proved to be sufficient. The yield of 7 was in the 

range of 90% ccxrected for recovered 2. In all cases only about 70% of the ket.o steroid 2 





20-Hydroxyecdysone 
3757 

wsrecxixumd. Weassum that tart of 2 is converted by 3 into the correspcnding enolate 

franMhh Pisrestcred dlrina the work-r4 proce&re. In preliminary expsritmntsws tried 

to overccms this difficulty using nucleophiles derived from 3 by transmsta llation (M@r2 x 

E&O, EtzAlCl, CeC?3) but without success.'* Addition of C+FIJls to a reaction mixture of 2b 

and3cledtothecarpletareaxer y of 2b.'a.*o 

In all casesstudied a single stereoisaner 7 was formsd tiich is assunedto havethe (2oR) 

configuration based on chemical precedent*l and the chnical shift of the 21-CY-l~ group (6 

(WV21) for 7a: 1.68).** 

Reduction of 7a with NaBH4 Yielded the (22s) and the (22R) carpounds !ia and Ba, respecti- 

vely, in a 3:l ratio. In small-scale test experiments similar results were cbtainsd using 

DIWi and LiA1H(OQu)3.23 These results are in agreement with ths previous observations men- 

tioned above. 17 The stereoch4cal outcane of thse rechticns is tentatively explained cn 

the basis of the cyclic 0-m model (ses A in Scheme3).*4~*5 

On the other hand, protecticnof theoH groups in 5a bytrimsthylsilyl ether formation with 

trimsthYlsilYl triflate.28~27 follcmed by DINAH reduction nicely yielded mainly the desired 

(22Ft) cawound 6s (after dewotection with Bu4NF). prc6ably via transition state gsa~try as 

depicted in B.2B Assigrunsnt of the ccnfigut-ation at C-22 in Sa and 6a is based on the h 

micalshifts of the cH3-21 tiich is kmtobs larger for the (22s) than for the (22~) iso- 

mer (about0.i p~n*9, s8e Table 1). 

Scheme 4. 
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~drox~ecd~sone ( la) 

Foststerone 1Oa reacted with an excess of lithiun ccauound 3a to an addition product the 

enol ether group of M&h was cleaved with 0.1. HCl producing ila in 79% yield. Reduction of 

lla with LiAlH(OQuI3 led to a 16:l mixture of 12 and la. Ths keto function at C-6 was 

stable under these conditions. Unfortunately, after conversion of lla to the psrsilylated 

llb ths keto functions turned out to bs carpletely stable toward LiAlH(OtBu)s.lb DIBbH as 

reducing agent causedre&cticnofthe22-ketogroup in thedesiredstereochemicalsensebut. 

the 6-0~0 group was also reduced (vide infra). After allylic oxidation with MO2 and silyl 

ethsr removal with TSAF a 39:l mixture WLC) of la and 12 was obtained in 60% yield. la was 

identical with an authentic sample. 

preoaraticnof SideChain Hanolo~~ues 1-19~. 19cand19c 

The 1:1 mixture of diastereoisansrs obtained fran poststerone (loa) and rat.-3b could be se- 

parated only after silyl ether formation, to Provide pure samples of 16b and 17b. Rec&tion 

ofboul carpavldswith DIBAH and subseousntre-oxidaticn of the 844 group with MnO2 prods- 

ted 19b and 19b, respectively, each contaminated with traces of the corresponding (22s)~iso- 

met-. Cleavage of ths silyl ether groups (18b -> 19~. 19b --> WC) followed by H'LC showed 

the d.e. in the DIBAJi reduction step to be 94%. Direct redudicn of the mixture of 16a and 

17a with LiAlH(OWu)s provided 19a and 19a. tiich now azuld be separated by I-PLC. In order 

to interelate these mds with 19c and 19c. respectively, the silyl groups were rssoved 

franpure 17b. Subsequent reduction with LiAlH(OtSu)a furnished 19a. 

The aznfiguraticn at C-22 depicted in fcrrmlae 18 and 19 was expected fran the results ob- 

tained in the reduction of lla and lib. respectively. These assigrments are consistent with 

those of the 1H kW studies, as sumarized in Table 1. Thus, as in the case of 12 and la, 

for the pairs 19a/l&and lse/lsCthe 2i-ai3 groups in ths (22s) iscmsrs (19a, la) aremore 

deshielded. 

Final proof of the configuration at C-22 was obtained from the 300 rm CD band of the in-situ 

generated aZ#npleXeS of la. 12, and l&z With k.32((%2)4. This band can (inter alia) bs used 

to d&et-mine the absolute configuration of optically active 1.2-diols.JO Fran Figure 1 it IS 

obvious that thespsctraof laand 19ccceplexesarealmostidsntical in ths 3DDnregion. 

One may conclude, therefore, that 19~ has the sams configuration at C-22 as la. CBE has 

howsver to be careful since the CD curves depicted in Figure 1 are most probably sun curves 

of three Cotton effects: the side-chain and ring A diol rmplexes, and the sncne chrm 

phore. Since ths interfering ring A diol and enone cotton effects are, however, eoual in all 

mds they are eliminated in the difference spectra. Ths carplete identity of the diffe- 

rence spectra (la - 12) and (I& - 12) (ses Figures la and lb) dsrror'strates uMRt)iswus~Y 

that la and 16~ have the sams configuration at C-22. 

The configuration at C-25 can not be determined by this method. At-t-s to obtain suitable 

crystals for an X-ray analysis were unsuccess ful. Ths problem was finally solved by a 

stereoselsctive synthesis. optically active 3b cn reaction with cersilylated post-ster~ne lab 
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Table 1. lH Ml? signals of a-Is-21 of carlxxlnds in IdsI pyridine 

Cnnf is. carpand: 8 value 

22s 5a: 1.66 12: 1.71 I&k, 1%: 1.73 
22R 6a: 1.55 13a: 1.60 WC, l!k: 1.61 21a. 21b: 1.59 0~: 1.52 

Figure 1. 
a: 

b: 

Assignment of configuration at C-22 in 18~: 
CD spectra of 12 (---) and la (*..) in the preeence of IMo2(OAc)rl in 
IIt493 solution and difference curve of the spectra of 12 and la (-1. 
CO spectra of 12 (--_) end 18c (a..) in the presence of bb2(&)4] in 

DMEO solution and difference curve of the spectra of 12 and l&z (--). 

followed by acid hydrolysis and resilylation provided pure 16b identical with ths specimen 

obtained after seoaration of the 16b/l7b mixture described above. 

Preoaration of 21a and 2lb 
In analogy to the experiments described above, carpan& 21a and 21b were prepared fran 1Oa 
and rat.-3d via ZC#&?Ob and the ketcnes 22s and 22b. In ccntrast to the case described 

above I-PLC separation of 22s and 22b did not pose any problems. In this series, it turned 

out to be necessary to study the DIEM reduction (after silylaticn) mxe in detail. In ndsl 
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experiments it was fomdthtpersilylated 2O-hychxys4ys0ne (13b) was readily t-s&c& with 

2.2 eqriv. DIBAH in MF (4h at 20%). F&oxidation with MO2 ad F-mediated dssilylatim 

provided la in 81% overall yield. On the other hand, ths 22-oxo group in 7f was practically 

inert tnder these conditions even after 10 hours. Only the fcvmtion of dsamvceiticn pro- 

ducts was obssrved. lhdsr forcsd conditions (10 eWiv. of DIEM, 4h) the keto group was 

reduced.Besideathedesiredreductionproduct~theover-reduced carpound9ewasdAainsd. 

Ths structure was dsterminsd after desilylaticm (9k>9b ). fhe confi~rations at C-20 and 

C-22 are unknobm. One tmy cmcluds fran thsse expsrimsnts that in the reduction of the 

silylatsd ecdysteroids the carbony group at C-6 rsacts faster thn that at C-22. 

Furthermre, the rather slow reduction of the 22-0~0 groufJ with DISH in lHF may bs 

accuwanisd by side rsacticns. This difficulty could bs circuwentsd ti the DIEAH 

reductionof 7fwasperformdin tolust- rather than inlHF. 

10 
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6f was readily formed withcut any side pro&&s being &served. Application of these 

reaction conditions to the reduction of 22~. followed by MnDn oxidation and deprotecticn 

furnished 21a in 82% overall yield. 

Ths (R) configuration at C-22 follows from the reduction procedure and is suppcrted by the 

chemical shift of the C&-21 protons (see Table 1). 

The configuration at C-25 was established by a &et-eochsmical ly unanbigucus synthesis. The 

reaction of 1013 with an excess of cptically active 3d provided almost exclusively 22a, 

identical with a sanple obtained by separation of 22a/22b as described above. lob MS trea- 

ted with 1.0 equiv. of 3d to yield 2Do. Enol ether cleavage followed by resilylaticn gave 

22c fran Mich 21a was prepared using the already described procedure. 

Foi logue 

The affinity of ecdysteroids la, 18o, Wo, 21a, and 21b for receptor proteins has been 

measured by their ability to displace bound [3Hn]ponasterone A. Receptcr preparations were 

obtained fran nuclei of Drosophila melanogaster embryos and from the cytoplasm of Drosophila 

pupae. In addition, the ecdysteroid ccncentration required for 50% puff induction at 74EF 

and 758 in salivary gland chranosames of larval Droscphila (third instar) was determined. A 

ccsparison of these values showed no significant difference between the activity of these 

ecdysteroids to bind in vitro to the receptor and to induce in vivo puffs. As for la, the 

relative receptor binding affinity and relative puff induction of the side chain hceologues 

were about 1% of the corresponding values of pcnasterone A.lb 

Furthermore, a radioligand was obtained fran the ecdysteroid hanologue 21a by selective 

branoacetylation of the primary hydroxyl group in the side chain with BrC+izi*00a-1. This ozn- 

pound was shown by the group of Professor Fangs to react rapidly. quantitatively, and irre- 

versibly with the ecdysteroid receptor. Analysis of the labeled receptor protein has iden- 

tified two different peptides.sb 

EXPERIMENTAL 

General 
All Oz- or moisture-sensitive reactions were performed in oven-dried glassware under a posi- 
tive pressure of argon. Sensitive liquids and solutions 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 organic solvent (given in paranthesis). drying the 
curbined organic soluticns over NazSO4 and removal of the solvent by distillation in vacua 
at 40°C, using a rotatory evaporator. The instrunentation used was: lH M: W-80 (Bruker): 
AM-400 (Bruker) ; 13C FM?: AM-4.00 (Bruker); IR: Perkin Elmer 257; MS: RAT-731 and MAT-W-5 
(Finnigan); HPLC: High-pressure chrunatography using ~IJQJ system model 6000 (Waters Associa- 
tes Inc.), UV-detector LC-3 (Pye Unicam). stainless steel columns 25.0 an x 0.4 cm 
(analytical) or 25.0 an x 2 cm (preparative), stationary phase and eluent are given in 
paretWiesis; kPLC: Medium-pressure chrcmatographY using 31.0 cm x 2.5 an glass tubes, silica 
gel Grace (50 ~1, Duramat putt-o (CFG); Tharschrcm UV detector (Reichelt). The FAR mass 
spectra were obtained using a Finnegan RAT-731 instrunent. Eiatrples were dissolved in DMSO, 
and the matrix (given in parenthesis) was added. The solutions were placed on a stainless 
steel probe tip and bcebarded with 6 KeV Xencn frcm a modified Saddle Field Ion 5ource. 
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Procedure a: To a solution of the respective 2.3-dihybofuran 1 -iv. of TKDA in Tl+ 1.0 
eariv. of n-BuLi (1.5 M solution in hexans) was added at -780 C. The solution ~88 allowed to 
m to 20°C (l-2.5 h) and w&s stirred at 2OOC for 15 min. 
Prose&-e b: To a solution of the 2.3-dihybofuran in Tl+ t-BuLi (1.5 M solution in pentans) 
was addsd at -78OC. The solution was allowed to warm to a&ient -atWe (l-2.5 h) and 
was then stirred at 2OOC for 15 min. 

36.20.25 Trlhv&oxv-cholsst-5-sn-22-ens (7a). -. 

To a solution of 3a (7 mnol. prcc&#-e b) a solution of pregnsnolcne (2a. 600 mg, 1.89 mnol) 
in dry THF (20 ml) was addsd dropwise at -78OC . The mixture was stirred for 1 h at -78OC 
and then for 1 h at 20°C. Usual work-up (EtnO) and kPLC ( hexanes-ethyl acetats 2:1 -> 1:l) 
gave a mixture of two compaunds (7a and wcbably b, 430 mg) along with pure 7a (140 mg) and 
2a (93 mg, 15 W). Total yield of 4a and 7a: 90 % (based cm 2a). To a solution of the above 
mixture of 4a and 7a (150 IIQ) in THF+&sr (20:1, 10.5 ml) was addsd at 2oOC HCl (0.1 mbl/l, 
0.5 ml). After being stirred for 30 min at 20°C the mixture w&s neutralized with solid 
K2003. Filtration, aolvsnt evaporation and LC ( hexanes-ethyl acetate 2:l) gave 7s (105 mg. 
70%).- M.p. 186189oC (frcfn acetone).- 'H l+R (80 M-lz. CDCls): 8 = 0.91 (s, CHs-18). 1.01 
(S. CHs-l9), 1.23 (8, MS-26, U-Is-27), 1.46 (s, C+S-21). 2.50-2.80 (Cl+~-23), 3.30-3.75 (3- 
H), 3.90 (s, OH). 5.32 (W1/2=8 Hz, 6-H).- IR (KBr): 1690 an-1 (Co).- MS: m/z (X) = 414 ([hi- 
H201', 0.8). 399 (2). 381 (3). 317 (92). 299 (63). 281 (17). 255 (17). 229 (8), 199 (9). 159 
;:;,;13 (55), 43 (loo) .- (Found: C, 74.81; H. 10.16. C27h404 (432.6) requires C, 74.96 H. 

. . 

Reduction of 7a, 
To a solution of NaW4 (110 mg. 2.8 mnol) in water (0.35 ml) and NaCtl (5%. 0.4 ml) was added 
dropwise at 2OOC a solution of 7a (60 mg, 0.18 nmbl) in THF (5 ml). and the mixture was 
stirred at 20°C for 16 h. Usual work-up (EtzO) and tPLC (hexanes-ethyl ace&&s-ethanol 
30:30:1) gave 6a (16 mg. 20%) and 5a (48 mg, 59%). 

120R.73R)-Cholest-53~-25-tetraol (6a), 
M.P. 231-234OC (fran acetoneme thanol).- 'H t+fl (80 l+lz, C5Dc.N): 6 = 1.05 and 1.18 (2 s's, 
CHs-18, U-is-19), 1.47 (s, (X3-26, a-h-27). 1.56 (s, C&-21), 3.60-4.10 (3-H. 22-H), 5.43 
(W1/2=8 Hz, 6-H).- MS: m/z (%) = 434 ([Ml+, 0.2). 417 (0.3), 401 (3). 384 (2). 360 (2), 330 
(5), 317 (lOO), 299 (63). 281 (15). 255 (14). 229 (9), 159 (41), 43 (99).- (Famd: C, 74.39; 
H. 10.74. C27H4604 (434.6) reQJires C, 74.61; H. 10.66%). 

(5a)._ (20R.2~S)-Cholsst-5-ene-3l3.20.22.25-tetraol 
5a: M.P. 196-199oC (frcm methanol).- 'Ii l+Ft (80 M+z. CciD5N): 6 = 1.08 and 1.20 (2 s's, MS- 
18 and U-h-19). 1.42 (S, Cl+26, Clis-27). 1.66 (s. Cl-&21), 3.60-4.10 (3-H, 22-H); 5.42 
(W1/2= 8 Hz, 6-H).- IR (KSr): 1650 cm-l (C=C).- MS: m/z (%) = 434 ([Ml+. 0.3). 416 (0.2), 
401 (3), 383 (2), 360 (4). 317 (100). 299 (58), 281 (17). 255 (14), 229 (8). 159 (31). 43 
(70).- (Found: C, 71.88; H, 10.14. C27H4604.HzC (452.6) requires C, 71.96; H, 10.29%). 

~20R)-36.20.25-Tris-(trimethvl-silanvloxv)-cholest-5-en-221x1e (7b). 
To a solution of la (30.4 mg, 69 ~1) in cb-y THF (3 ml) and 2,6-lutidine (63 ~1. 55 ~nol) 
was added dropwiss at 20°C trimsthylsilyl triflate (47 ~1, 0.241 mnol) and the mixture was 
stirred at 2OOC for 30 min. usual work-up (EtnO) and LC (hexanes-ethyl acstatgNEt3 
60:1:0.3) gave 7b (38 mg, 86%).- 1H k&R (80 M-lz, &De): 6 q 0.17, 0.18. and 0.30 (3 s's, 
Si(CHs)3). 0.89 and 0.98 (2 s's, Cl-is-18, C&-19), 1.26 (s, CHS-26, Cl-is-27). 1.48 (s, CHS- 
21). 2.61-2.93 (Cl+-23), 3.43-3.90 (3-H), 5.37 (Wl/2=7 Hz, 6-H).- IR (CC14): 1715 an-' 
(C=C).- CssHse04Sis (649.2). MS: m/z (%) = 648 ([Ml+, 0.1). 633 (31, 543 (41, 461 (100). 371 
(5), 281 (22), 143 (51). 117 (70), 73 (53). 

(20R.73R~-30.70.25-Tris-(trimethvl-silanvloxv~-cholest-5~72~l (6b) 
To a solution of 7b (prepared fran 7a, 29.9 mg, 68 cunol. as described above) in dry THF (2.0 
ml) was added drqnuiss at -78OC DIBAH (1.2M in tolusns, 0.28 ml, 0.34 mnol). Ths mixture was 
stirred for 3 h being all- to warm to 2OOC. usual wxk-up (EtrO) and LC (hexanes-ethyl 
acetate-NEts 50:1:0.25) gave 6b (31 mg, 72%) along with a mixture (4 mg) of 6b and another 
ccmpound (probably the (22s) lscmsr ).- 'H l+FZ (CsDs): 6 = 0.18. 0.34 (2s'~. Si(CHs)s- 
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signals), 0.95 and 1.00 (2 s's, CH3-18 and a-b-19). 1.17 (s. CHs-26, Caia-27). 1.35 (s, CHs- 
21). 3.32-3.90 (3-H. 22-H), 5.39 (W1/2=7 Hz, 6-H).- IR (CC14): 3630. 3500-3300 cm-' (Ui).- 
C36H7&Si3 (651.2) MS: m/z (%) = 650 ([Ml+, 0.1). 635 (0.7). 619 (0.6). 545 (5). 461 (lOO), 
371 (5), 281 (24). 143 (46). 117 (67), 73 (47). 

al orocedure for the silvl ether cleavm 
To a solution of the silyl ether in dry MF was added at 2OoC TBAF (O.lM solution in THF, 
1.3 -iv per silyl gap). The mixture was stirred at 2OOC for 1 h. After solvent 
evaporation the crude reaction product was purified by LC. 

After silyl ether cleavage in 6b (general procedure) and LC ( -thy1 aceta-1 
10:lO:l) 6a (76%) was obtained, identical with the product of NaBH4 reck&ion of 7a. 

)-36.30.25-Trihvdroxv 37 brobvl-cho - - lest-5-en-7~-one (7c). 
7c was prepared fran 2a and rat.-3b (procedure b) as described for 7a. LC (hexanse-ethyl 
acetate 2:l) gave 85% of a mixture of two C-25 diastereoisansres.- 1H M (80 Miz. WC13): 6 
= 0.89 (s. MS-18). 1.02 (s. CH3-19). 1.17 (8, Ctk26). 1.45 (s. a-13-21). 2.50-2.75 (CH2- 
23); 3.30-3.75 (3-H). 3.91 (s, CH), 5.32 (WI/Z = 7 Hz, 6-H).- IR (CHCla): 3595-3460 (OH), 
1695 an-' (C=O).- CJOH6004 (474.4), t&: m/Z (%) q 456.3591 ([t'tH203+. 4. CalC for CSOH4603: 
456.3603). 438 (2). 399 (2), 381 (2). 358 (6), 317 (19), 299 (17). 184 (42). 183 (40). 43 
(100). 

7c was reduced with DIl3N-l as described for 7a. t@LC ( hexanes-acetone 2:l) gave 5c (47%) and 
a mixture of 5c and 6c (34%). 

(2OR.27S.EjRS)-27-f'rob~l-choleet-5-ene-~O 23 g5-tetraol (5c). 
'H M (80 Miz, CDC13): 6 = 0.91 (s, U-Is-la), 1.03 (s. (X3-19). 1.21 (s. CHJ-26). 1.29 (s, 
Cl-b-21). 3.20-3.80 (3-H. 22-H). 5.36 (w1/2 = 7 Hz, 6-H).- IR (CX13): 3660-3300 (CM), 1600 
cm-1 (C=C).- CJOH6204 (476.7). MS: m/z (X) = 443 ([M-H2O-CH31+, 1.2). 425 (1). 401.3036 ([I+ 
CkHs-H20]+ , Calc for C24H4103: 401.3055), 383 (2). 360 (3). 317 (86). 299 (54). 281 (16). 
271 (8). 255 (12). 43 (100). 

RS)-27-Pravl __ -*-. 36 20.25 tris (tr ~~ylsil~yl~-~l~t_5_en_7~_one (7d). 

7d was obtained fran 7c as described for 7b. LC (hexanes-ethyl ac&ate+Ets 50:1:0.25), 
yield 90%.- 'H I'M? (80 t+iz. CEDE): 6 = 0.19, 0.20, 0.31 (3s'~. Si(CHs)s), 0.88 (s. cH3-la), 
0.98 (8. CH3-19). 1.16 (s. U-b-26), 1.49 (s. (X3-21). 2.65-2.95 (C+k-23), 3.45-3.80 (3-H). 
5.38 (WI/~ = 7 Hz, 6-H).- IR (CC14): 1710 an-' (C=C).- CJftH7404Sit (691.2), MS: m/Z (X) = 

675.4665 ([M-C.H3]+, 1. Calc for C36H7104Si3: 675.4660). 633 (2). 585 (2). 643 (1). 461 (41). 
281 (13). 143 (50), 117 (95), 73 (100). 

t-5-en-72-01 cm, 
yield: 76%).- 1H k&l? (80 

mz, CEDE): 6 = 0.18, 0.20, 0.31 (3 s's, Si(CHs)s). 0.92 (s, CH3-la), 1.00 (s, U-b-19). 
1.28 (s, Cl+26). 1.35 (s, CH3-21), 3.30-3.80 (3-H and 22-H), 5.38 (WI/~ = 7 Hz, 6-H).- IR 
(cC14): 3630, 3520 cm-' (OH).- CJgH7604Si3 (693.2). MS: m/z (%) = 587.4317 ([M-CHs- 
KSi(CH3)31+, 0.4, Calc for C3SH6303Si2: 587.4316). 545 (l), 461 (6). 445 (4). 370 (5). 117 
(42), 73 (100). 

01 (6c)._ 
6dwa.s converted to 6cGkg the general silyl ether cleavageprocedwe. LC (hexanes-acetcns 
2:l) provided 6d (73%) and a mixture of 6c and 5c (9%).- 'H M? (80 tMz, CDCls): 6 = 0.89 
(s. CH3-18). 1.02 (s. U-b-19). 1.19 (s. Cl+-27), 1.26 (S, a-b-21, for byridina. SBe Table 
l), 3.30-3.80 (3-H and 22-H), 5.36 (WI/~ = 7 Hz, 6-H).- IR (UiCla): 3660-3300 (OH). 1600 an- 
’ (c=c).- C30H5204 (476.7), t.+S: m/Z (%) = 440 ([M-H201+, 2), 425 (2), 401.3044 ([M-C4H6- 
H201+, 8, Calc for C26H4103: 401.3055), 383 (3), 365 (2). 360 (3), 317 (100). 299 (56). 
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To a solution of 3c (7.0 mnol, pt-oce&re b) in Tt+ (10 ml) a solution of 2e (579.9 mg, 1.83 
nwol) in dry THF (20 ml) was addsd at -78OC within 25 min. The mixture was thsn allawed to 
warm to 2OOC (4.75 h). Usual work up (EtzO) follcmed by kPLC ( hexanes-ethyl acetate-Kt.3 
5:l:O.l) have 4b (506.1 me, 56%). 78 (109.6 me, 12%) and 2a (166.7 mg, 26%). 

~LzoR)-26.27-Diwoovl-2~.2ti-eaoxv-cholest 32 -disne-36.20-d 01 (4b), 
‘Ii Ml? (80 Miz. CXICls): S q 0.82 (s. CH;_518), 0.99 (6, C&S), 0.80-1.00 (Cl-Is-30 Cl-is-33) 
1.40 (8, C&-21), 2.35 (d. J = 2.4 Hz. C+iZ-24), 3.50 (w1/2 = 18 Hz, 3-H). 4.48 (t, J = 2.4 
Hz. 23-H). 5.34 (d, J = 4.2 Hz, 6-H).- IR (Ccl,): 3600-3200 (OH), 1705 an-’ (C=C+).- 
CSSH52CS (498.8). MS: m/Z (%) = 498.4071 ([t.i]+. 7. CaTC 498.4073). 480 (12), 465 (2), 423 
(8). 358 (17). 299 (28). 226 (100). 225 (69). 197 (59). 55 (96). 

(2OR)-26.27Qjwoovl-36.20.25 trlhvdroxv-cho _ . lest 5 en __ _ 22-cna (78). 
nm.: 101-103°C (from EtrC-hexane).- ‘H Herr (80 Milz. CDC13) 6 = 0.89 (s. Cl-is-18). 0.80-1.05 
(ais-30, a-is-33), 1.02 (s, CHs-19). 1.45 (s, ais-21). 2.48-2.77 ((X-23). 3.46(WC/Z q 21 
Hz, 3-H), 3.95 (broad s. OH), 5.32 (“d-1 J = 4.0 Hz. 6-H) .- IR (0314) = 3600-3100 (OH), 1700 
cm-’ (C=C).- t&: m/Z (W) = 480 ([H2H201+, 24). 465 ([t+2H2@C#S]+. 3). 423 (41), 317 (45). 
299 (42). 197 (64). 151 (63). 55 (lOO).-(Found C. 76.69, H, 11.00, CSSHS6C4 (516.8) requires 
C. 76.70, H, 10.92%). 

(2OR)-20.25-Dihvdro v 76.27-diDroov1-3I3-(trimsthYlsilanvloxv)-cholest-5-sn-22-one (8) 
a.-To a solution of’& (96 ~1. procedure b) in dry THF (0.5 ml) a solution of 2b (3i.l mg 
98 cvn01) in THF (1 .O ml) was addsd at -78OC and ths mixture was allowed to warm up 2006 
within 4.75 h. usual work up (EtnO) followed by LC led to 8 (22%), 63% of 2b wsre recovered. 
b.-To a Z0lUtiCn of 3c (106 ~1, procedure a) in dry THF (1.0 ml) a solution of 2b (37.4 
mg, 96.4 ~~1131) in THF (0.5 ml) was added at -78OC and the solution was allowed to warm to 
20°C within 4h. Usual work-up (Et20) followed by treatment with 0.1 N HC1 (1.0 ml) in THF 
(5.0 ml, stirring at 20°C for 2h), usual work up (EtrO) and LC (hexanes-ethyl acetats 5:l) 
Qave 8 (8%). 78 (42%), 2b (1%). and 2a (38%).- lH tM (80 t+tz. CDCls): 0.14 (s, Si(CHs)s 
signals). 0.88 (s, Cl-Is-18). 0.80-1.03 (U-Is-30. CHs-33), 0.96 (s. CHs-19). 1.48 (s. U-b-21), 
2.48-2.73 (U-h-23), 3.50 (~112 = 16 Hz, 3-H), 3.95 (broad s, U-l), 5.33 (“d”. J = 4.4 Hz, 6- 
H).- IR (CCl4): 3610-3400 (OH), 1705 an-l (C=C).- Cs(IH6404Si (589.0). MS: m/z (%) = 570.4454 
([M-HnCl+, 1.3, Calc for C36H62CSSi: 570.4468), 552 (4), 527 (l), 430 (5), 389 (5), 299 
(24). 226 (74), 225 (62). 197 (100). 

~L20R)-26.27-Dilxoov1-3R.20.25-tris-~trimethvlsilanvloxv~-cholest-5-en-22-one (7f) 
a) 7e wa6 silylated as dsscribsd for 7a (82 % yield).- b) 46 was opened with Hdl and then 
silylated (74% yield over two steps).- IH IrEa (400 t-tlz, CEDE): S = 0.175, 0.233. 0.314 
(3s’~. Si(CHs)s SiSnals). 0.88 (s, Clis-la), 0.91 and 0.92 (2 t’s, J = 6.6 Hz, Cl-Is-30 and 
CHs-33), 0.98 (s. CHs-IO), 1.49 (s. C&-21). 2.51-2.59 (17-H). 2.72 and 2.89 (2 ddd’s, J = 
4.7, 11.0, 18.2 Hz, CY+23), 3.66 (w1/2 q 18 Hz, 3-H), 5.37 (d. J = 6.0 Hz, 6-H).- IA (CClr) 
: 1720 an-1 (C=C).- C4ZHeoCUSis (733.3). MS: m/z (%) = 717 ([M-~~sI+. 16), 675.4568 ([M- 
C,Hs]+, 5, Calc for CseH7rC,Sis: 675.4661). 627 (4). 585 (3), 461 (100). 

Reduct’cn of 7f 
a) in h: To a-solution of 7f (4.1 mg, 5.6 ~1) in dry THF (1.0 ml) DIE&l (1.5 M in tolu- 
ene, 41.1 ~1, 61.6 ~1) was added dropwise . The solution was allowed to warm to 20°C within 
4h. usual work-up (CH2C12) followed by SC (hsxanes-ethyl acetate+Ets 100:1:0.4) Qave 6f 
(2.7 mg, 65 %) and a (0.5 mg, 12 %).- b) The sams procedure with toluene as solvent (1.5 
equiv. of DIEUH) Qave 6f in 50% yield, 26% of 7f wet-e recovered. 

2R)-76.27-Dioroovl-36~~0.25-trl.s ‘- i (t.r msthvlsl ‘lanvloxv)-cholest-5-en-22-01 (6f). 
lH M+! (400 Miz, CsDs): 8 = 0.181, 0.250. 0.313 (3 s’s, Si(CHs)s signals). 0.922 (s, C-Is- 
la), 0.929 (t, J = 6.1 Hz, CHs-30 and CHs-33). 0.963 (s. (X-19), 1.347 (s. C+is-21). 2.57 
(broad t, J = 10.5 Hz, 17-H). 3.46 (~112 = 12 Hz, 22-H), 3.66 (WI/Z = 20 Hz, 3-H). 5.39 (d, 
J = 4.6 Hz, 6-H).- IR (CC14): 3610 - 3400 Cm-’ (a).- C42ii6204Sis (735.41, 6: dZ (%) = 735 
([Ml+. 0.15), 661 (0.3). 644 (0.2). 642 (0.7). 629 (2). 587.4289 ([M-HCSiMes-C4Hsl+, 22, 
Calc for CssHsSCSSi.?: 587.4316). 401 (32). 215 (4.3). 117 (45). 73 (100). 
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z_77z -22 77_Di~~vl _ 38 75 _' bus_ *i-v lsilanvloxv)-cholest-5-en-22-01 (m). 
*H t4U (400 Hz, CsDs): 6 = 0.179, 0.263 (2 s’s, Si(CHs)s signals), 0.650 (s, Cl-Is-18). 0.937 
and 0.940 (2 t’s, J = 7.1 Hz, CHs-30 and CHs-33). 0.964 (8, &s-19), 2.43 (d&i. J = 13, 6, 2 
Hz, lH), 2.56 (broad t. J = 12 Hz. 17-H), 3.65 (w1/2 = 20 Hz. 3-H). 3.91 (w1/2 = 10 Hz, 22- 
H). 5.40 (d, J = 5 Hz, 6-H).- Cr&l740sSiz (647.2), MS: m/Z (%) = 589.4476 ([t+C4H6]+, 4, 
Calc for CssH65CzSi2: 589.4473). 571 (3). 499 (14), 255 (24). 215 (59). 183 (78). 73 (100). 

(m 7’R)-76.~vl-cholest-5-sne-36 30.22.2~tetraol (Be) ._ 
ef was desilyated (see general procedure) to give 6s. after LC (hexanes-ethyl acetate 1: 1). 
in 90% yield.- ‘H Ml? (400 t+iz. CsDsN) : 6 = 0.891 and 0.896 (2t’s. J = 7.0 Hz. CH3-30 and 
CH3-33). 1.053 (8. CHs-19). 1.172 (8, U-h-18), 1.570 (8, Cl+21). 3.85 (w1/2 = 20 Hz, 3-H 
and 22-H). 4.69, 5.32, 6.07 and 6.17 ( 4 broad s’s, CH), 5.43 (“d”, J = 4.0 Hz, 6-H).- IR 
(CHC13): 3670-3400 an-' (OH).- C33R56D4 (518.8). MS: m/Z (%) = 482.4125 ([M+H201+, 13. Oak 
for C33R5402: 482.4124). 464 (6). 443 (201, 425 (14). 317 (100). 299 (57). 

&Q 7~%)-26.27-Dibrobvl-cholest-5-ene-36.~~.25-triol (9t& 
a k desilylated (ses general crcce&re) to give, after ‘LC (he xanes-ethyl acetste 1:l) 9b 
in 72% yield.- ‘H M (400 t+lz, Cr.DsN): 8 = 0.739 (s. Uia-18). 0.897 and 0.901 (2t’s. J = 
7.4 Hz, Cl-Is-30 and cH3-33). 1.056 (s, MS-19). 1.13 (d. J = 8.4 Hz, C+i3-21), 3.85 (w1/2 q 20 
Hz. 3-H), 4.21 (~112 = 5 Hz, 22-H), 5.25 and 6.16 (2 broad s’s, CM), 5.27 (d, J = 5.3 Hz, 
Gi), 5.42 (“d”. J = 4.7 Hz, 6-H).- C33H6OC3 (602.8). MS: m/Z (%) = 4&1 (Cf9M4He1+, 1). 
427.3574 ([t+C4H6ii20]+, 9, Calc for CZSR4702: 427.3576). 409 (4). 183 (100). 

~7cm-213.36.14.20.759entah~d1-0~~-56-Ch0i~t-7-ene-6.22 am (11~0. _ . 
To a solution of 3a (1.61 nmol, oroceclure b) in THF (2.0 ml) a solution of 1Da (35 ma. 97 
~1) in THF (8.0 ml) w~zi added drcpwise at -78OC . The reaction mixture was stirred for 3 
h, beit&! allowsd to warm to 2OOC. After addition of saturated ao.NaCl (5 ml) the organic 
layer was separated. The aqueous layer was extracted with n-butanol (3x5 ml) and the cc&i- 
ned organic solutions ware WaEshed with water (5 ml). After solvent removal, additicn of 
water (20 ml), and lyophilisation the rssi&s was dissolved in THF (5 ml) and treated with 
O.lN HCl (1.5 ml) for 1 h at 2ooc. Nsutralisaticn with solid k2CO3, chase separation, addi- 
tion of water to the organic phase, lycghi1isation, and finally LC (CH2C12methanol 12:l) 
have lis (30 mg. 65%) and recovered 10s (5 mg, 17%).- M.P. 207-209OC (fran methanol, lit. 
“3: 209-21OOC).- IR (KBr): 1700 (00). 1650 cm-’ (unsat. a).- ‘H kM?3’ (400 Miz, CsDsN): 6 = 
1.06 (s. Ui3-19). 1.12 (s, Ui3-18). 1.35 and 1.37 (2 S’S, C+ls-26. Cl+-27). 1.68 (S. a-13-21). 
2.64 (m, lH), 3.02 (dd, J=4 Hz, 13 Hz, 5-H), 3.21-3.32 (17-H. CY+23), 3.55-3.63 (9-H). 
4.13-4.20 (2-H). 4.24 (W1/2=8 HZ, 3-H). 6.22 (d. Jz2.5 HZ, 7-H).- C27l-44207 (478.7), FA8-M 
(glycerol): m/z (%) = 501 ([FH*la]+. 20). 479 (CM+H]+, 31), 461 (100). 443 (35). 425 (28). 
363 (5), 348 (39).329 (35). 303 (45). 

Reduction of lla with LiAlH(w 
To a solution of lls (25 mg. 52 &l) in dry THF (8 ml) LiAlH(O+Bu)s (0.5 M solution in THF. 
1.2 ml, 0.6 mnol) was added drcDwise at O°C . The mixture was stirred for 3 h at -78OC and 
for 1 h at 2OOC. usual work-up (l-butanol)~ additicn of water to the mined organic solu- 
tions, lyophilisaticn. and LC (U-hClzmethanol 8:l) Qave 12 (17.2 mg 68%) and la (1.5 mgj. 
6%). In the reaction mixture the 12s:la ratio as dstsrminsd by HJLC (Spm RR-18. methanol- 
water 2:3) was 16:l. 

(2OR.72S)-70.~14,2O.27,75-He&1vdroxv-5i3-cholest-7-en-6-ons (12) 
t4.p. 258-26OOC (frcin methanol, lit.16: 259-26OoC:).- ‘H M (80 k&z. CsDsN): 6 = 1.08 (s. 
a+-19, 1.22 (s, CH3-18). 1.40 (s, ais-26, CH3-27). 1.71 (s. ais-21). 2.85-3.15 (5-H). 3.40- 
3.75 (9-H. 17-H). 4.00-4.35 (2-H. 3-H). 6.22 (d, J = 2 Hz. 7-H).- IR (KBr): 1650 an-' 
(Unsat. a)).- C27H44C7 (480.7). FAR t49 (glycerol): m/Z (%) = 461 ([t’ttH]+, 30). 463 (78). 445 
(100). 427.6 (36). 411.5 (23), 393 (20). 371 (42). 347 (40). 331 (57). 329 (72), 303 (70). 
301 (93). 

(7OR.73R)-76.3R. 14.70.25-Pentak s i- ’ (trlmethv 1silanvloxv)-5Pcholest-7w6.22-dione (llb). 
To a solution of lla (20 mg. 0.041 mnol) and 2.6lutidins (76 pl, 0.066 mnol) in ck-y THF 
(4.0 ml) tritnethylsilyl triflate (64 ~1, 0.33 mnol) was added dropwise at 20°C . The mixture 
was stirred at 20°C for 1 h. usual work-up (EteO) and LC (hexanes-ethyl acetate-Mt.3 
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40:1:0.2) have lib (28 m, 74%).- IR (CC14): 1715 (Co), 1665 an-’ (unsat. CO).- ‘H FEa (400 
mz, CsDs): 8 = 0.07. 0.15, 0.16, 0.22, and 0.33 (5 s’s, Si(CHs)3 signels). 0.69 (8, Ws- 
19). 0.91 (s. Ui3-18). 1.17 (2 s’s, Cl-la-26. U-Is-27). 1.39 (8, Cl+-21). 2.50 (t, J = 9.5 Ht. 
17-H). 2.57-2.67 and 2.78-2.88 (CHz-23). 2.95 (dd, J = 3.5 Hz. 13.0 Hz. 5-H). 3.06 (W1/z=23 
Hz, 9-H),3.91 (W1/2 = 21 Hz, 2-H). 4.00 (W1/2 q 7 Hz. 3-H). 5.93 (d, J = 2.2 Hz. 7-H).- 
C42HB207SiS (838.9). MS: m/z (%) = 823.4664 ([M-CH31+, 1.3, Calc for C41H7s07Sis: 823.4672). 
733 (31, 662 (2). 651 (2). 643 (21, 635 (11, 561 (100). 

1s (tr mSthv *_ * lsilanvloxv)-56-cholest-7-en-6-cne (Mb). 
la was silylated as described for 7,’ (86% yield).- 1H M (400 M-lz, CBD6): 6 = 0.138, 
0.141, 0.173, 0.224, 0.236 and 0.237 (6s’~. Si(Cl+)a signals), 0.73 (S, CHs-19). 0.94 (s, 
CH3-18), 1.29 (8. 6H, Cl+26 and CHj-27), 2.70 (t, J =9.4 Hz, 17-H). 2.95 (dd, J q 13.8 Hz. 
4.0 Hz, 5-H). 3.09 (WI/~ = 12 Hz, 22-H). 3.35 (d, J = 8.3 Hz, 9-H), 3.93 (WI/~ = 12 Hz, 2- 
H), 3.99 (broad s, 3-H), 6.02 (d. J = 2.1 Hz, 7-H).- IR (CC14): 1675 an-’ (unsat. C=C).- 
C4sHszC7Si6 (913.7). MS: m/z (%) = 897 ([t+Cl+]+, 0.65), 894 ([M-H201. 0.7), 807(0.7). 
561.3252 ([t+CtsH4zOsSisl+, 88, Calc for C3oH5304Si3: 561.3208), 171 (21). 147(22), 73 
(100). 

j.2oR.73R)-2~-Rvdroxv-2R.3B. 14.20.25-oentak1s ( . - tJ-’ lmethvl-s i lanvloxv)-56-cholest-7-sn-6-cfie 

To a solution of lib (10 me. 0.012 nsol) in dry THF (2.0 ml) DIEWI (1.2 M solution in tolu- 
ens. 75 ~1, 0.09 maol) was addsd dropwise at -78OC. The mixture was stirred for 4 h, being 
allowed to warm to 2OOC. Llsual work-up (EtnO) gave a crude product \luhich hes carefully dried 
(16 h at 100-200 Pa). dissolved in dry CH2Clz (2.0 ml), and then treated with kVO2 (70 m9, 
freshly prsuat-edJ2) for 16 h at 2oOc. Filtration thoush SiOz, solvsnt evaporation and LC 
(hexanee-ethyl acetawNt3 40:1:0.2) Qave 13a along with traces of its (22s) isansr (8.3 
mg, 83%). The d.e. was determined after silyl group removal (vids infra).- IR (CC14): 3640, 
3500-3350 (OH), 1665 cm-1 (unsat. CC).- 1H M (400 Miz. CeDe): 8 = 0.09, 0.18. 0.23, and 
0.36 (5 s’s, Si(Cli3)3 sigrrals), 0.78 (s. MS-19). 0.93 (s, CH3-18). 1.17 and 1.19 (2 s’s, 
Cl-b-26. Cl+-27), 1.29 (8. Cl-b-21). 2.25 (t. J=9 Hz. 17-H). 2.54 (PresunablY a-l), 2.97 (dd, 
J=3.5 Hz, 13.0 Hz, 5-H). 3.07 (W1/2=24 Hz, 9-H). 3.45 (W112=l6 Hz, 22-H). 3.93 (W1/2=20 HZ, 
2-H), 4.01 (W1/2=7 Hz, 3-H), 6.00 (d. J = 2.3 Hz, 7-H).- C42Ha407Sis (840.9), MS: m/z (%) = 
825.4858 ([M-CH33+. 0.7, Calc for C41He107Sis: 825.4828). 735 (4). 664 (1). 651 (4), 645 
(l), 635 (1). 561 (100). 

Reduction of 13b 
D1BbJ-l reduction (reaction time 4h) of 13b as described for 13a Qave a polar nro&ct. which 
was converted to la by MO2 oxidation and silyl grcuo cleava9e in 81% overall yield. 

(2OR X?R)-213.36.14.20.22.25llexah~dr xv-5R-cholest-ir-en-6-cf-ie (la) 
la (with traces of 12) was orenat- fran the mle of 13a desr.ibed above by silyl ether 
cleavase (9eneral procedure). Yield after LC (CH2Cln-msthanol 5:1) 80%. d.e. = 95% 
(determined by HPLC (5pm RR-18. msthanol-*rater 3:4)). Formation of la and 12 was Secured by 
TLC and WLC miscn.-lH Mf? (400 Miz, CsDsN): 1.07 (s, CHs-19), 1.22 (s, CHs-18). 1.37 
(s, CHJ-26, C&-27), 1.60 (S, c#t3-21). 2.97 - 3.03 (m. 5-R. 17-H). 3.59 (WI/2 = 20 Hz. 4-H), 
3.88 (WI/~ = 10 Hz. 22-H). 4.14 - 4.25 (2-H. 3-H). 4.72 (s. CH). 5.24 (s. a-l). 6.03 (d. J = 
5.9 Hz. &I), 6.10 (d, J-= 1.8 Hz, Ctl);6.18 (d:&). 6.27 ( d; J = 2:2~Hz:+-H), 6.32 (s. 
U-l).- ‘3C t+R (100 Miz, CsDsN): 6 = 17.95 (C-18), 21.16 (C-21), 21.54, 21.76, 24.53 (C-19). 
27.52, 30.06, 30.18, 31.83, 32.05, 32.51, 34.46, 38.03, 38.72, 42.71, 48.15 (C-5), 50.14 (C- 
17), 51.45 (C-13), 68.11 (C-3), 68.20 (C-2), 69.61 (C-25). 76.89 (C-22), 77.59 (C-20). 84.22 
(C-14). 121.71 (C-7), 166.60 (C-8). 203.58 (C-6). 

26.3R. l4-Tris-(trimsthvlsilanvloxv)-5R-oreon-7-ens-6.2O-dions (lob). 
1Oa was sllylated with 3 equlv. of 2.6lutidine and trimethylsilyl triflats as dsscribed 
for 7a (81% yield after LC (hexanes-ethyl acetate-&t3 lO:l:O.l)).- ‘H tMT (400 Wiz, UX13): 
6 = 0.08. 0.10, 0.12 (3s’~. Si(U-l3)3 signals), 0.56 (s. CH3-18), 0.92 (s, a(~-19). 2.13 (s, 
C&-21), 2.50 (dd, J=4.1 Hz, 13.2 Hz, 5-H). 2.96 (WI/~ = 8 Hz, S-H), 3.73 (~112 = 12 Hz, 2- 
H), 3.89 (broad s, 3-H), 5.81 (d, J = 2.3 Hz, 7-H).- IR (CC14): 1705 (C=C). 1670 an-l 
(unsat. C=O) .- MS: m/z (%) = 578.3279 ([Ml+, Calc for C3oH5405S13: 578.3279, 4). 550 (4), 
4SS(4). 466 (34). 185 (91). 73 (100). 
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?O-h~droxv 27 orwvl-36.3R. _ _ l4-tris(tri~~vT_siTanvToxv)-7 22_dien_&- 

To a solution of rat.-3b (17.3 rmol, procedure a) in THF (1.0 ml) was added at -78OC undsr 
argon a solution of lob (10.0 mg, 17.3 rvnol) in dry THF (1.0 ml) and the mixture was stir- 
red for 5h being all& to warm to 2OOC. Usual mk-up (M2Cl2). followed by l@LC (hexanes- 
ethyl acetaMt3 1O:l:O.l) gave 14b/16b (5.2 ng, 42%. not carpletly pure) and lob (4.7 mg, 
47%).- 'H M (400 Miz, &Da): 8 = 0.088, 0.173, 0.221 (3s'~. Si(cH3)a signals). 0.79 (s, 
a-13-18). 0.81 (s, Uia-la), 0.896 (t, J = 10.0 Hz. (Ma-30 and Uia-33). 1.21 and 1.24 (2~'s. 
a-b-19, Uis-26). 1.46 (8. aa-21). 2.93 (dd, J = 1.7, 5.2 Hz, 5-H). 3.05 (w1/2 q 16 Hz. 17- 
H), 3.91 (d, J = 10 Hz, 2-H). 4.00 (broad s, 3-H). 4.55 (broad s, 2*lH, 23-H). 6.00 (broad 
8. 7-H).- IR (034): 3580 (Cti). 1660 an-' (C=O).- C36HlODsSi3 (719.2). k+S: m/Z (X): 718 
(CMl+, 1.2). 628 (l), 579.3303 ([l+CaHtsO]+, 2, CaTC for CsOH6SC6Si3: 579.3358). 536 (5). 
466 (10). 376 (4.8), 185 (29). 184 (27). 147 (33). 73 (100). 

(20R.25RS~-2R,3R.14,20.25-Pentahvdroxv-27-orwY1-5R-~1~t-7~6.72 diu17a), -. 

16a/17a were prepared fran 1Da and rat.-3b as described for lla. l@LC (5run RF-18, C+(3a+ii2o- 
C+l3Ck 6:3:1) and LC (~2CT2-M3~ lO:l) QaVe 18e/17a (68%), which could not be separated.- 
'H M (80 M-b. CaDaN): 6 = 0.89 (t. J = 6.0 Hz, U-la-30). 1.04 (s, CHs-19). 1.10 (6. CHs- 
18). 1.30 (s, Uia-26). 1.70 (s, a-b-21). 2X10-3.70 (5-H. 9-H. 17-H and Cl+23). 4.o(F4.30(2- 
H and 3-H), 6.19 (d, J = 2.0 Hz. 7-H). 

Reductionof l&,&Z&. 
16a/l7a was reduced with Li(tBuO)aAIH as described for lla. HPLC (5 MI RP-18. ~3~20 1:l) 
showed 2 large and 2 small &&corresponding to the diastersois&rs isa&ic at C-22 and 
C-25. Seoaraticn of the C-22 fran the C-25 isaners was unsufficient for d.e. determination 
but allowed the isolation of pure 18a (34%) and 19a (34%). Structural assigmmnt and d-e. 
determinatia rest on the reduction of out-e 17a (see below). 

_ _ d-role&.-7-en-6-cne (la) 
m: 219221OC (fran a+SCii-H2C).- 'H I+#? (400 M-lZ. C5D5N): 6 = 0.83 (t. J = 7.0 H;. ais-30). 
1107 (6. Clis-19), 1.23 (s. tia-la), 1.39 (s, a&-26). -1.73 (s, CHa-21). 3.01 (dd, J = 315 
HZ, 13 Hz, 5-H), 3.51-3.65 (9-H and 17-H). 3.94 (broad d, J = 9.5 Hz. 22-H), 4.27 (~112 = 21 
Hz, 2-H), 4.35 (w1/2 q 7 Hz, 3-H), 6.24 (d. J = 2.2 Hz. 7-H).- IR (KSr): 1670-1640 an-' 
(unsat. M).- CaoH5007 (522.7). FM? MS (glycerol): m/z (%) = 523 (Ntll+, 54). 505 (69). 
467 (lOO), 469 (43). 453 (12). 

_ _ 27 orwvl -5R-cholest-7-en-6-cne (18pL 
'H M (400 M-b. CsD5N): identical with the soectrun of la.- IR (KSr): 1640 an-1 (unsat. 
C=C).- CaoH5007 (522.7). FAS MS (glycerol) m/z (%) = 523 (CM+Hl+, 35). 505 (60), 467 (100). 
469 (43), 451 (12). 

Silvlation of 36a/17& 
The 16a/l7a mixture was silylated as described for lla to give 78% of a mixture of C-25 
diastereoiscmsrs. Prep. HPLC (5~ SilOO, iB ioxane-i-prooanol 200:0.20:0.25) gave 17b 
(35%) and 16b (36%). and 6% of fraction containing both of them. Ccnfiguraticnal assisment 
at C-25 is based on HPLC conpat-iscn with the sample of 16b that is dsscribsd in the fol- 
lowing oat-agraoh.- HPLC (5 pm Silo0 (Merck), i-octane-i-prooanol-dioxane 200:0.25:0.20). 
retention times: 17b: 17.6 min, and 16b: 18.1 min. 

ormation of 16b fran lob a d IS)-3b. 
Lea&ion of lob with (S)-3bn(as described above for 16b and rat.-3b) gave 14b (36%). 33% of 
K&were recovered. Enolether cleavageand subsewsntsilylaticn (Mb-> 16b) were oerfor- 
msd as described in the 16b/l7b series (see above). Yield: 37% (based on 14b). 

~2OR.25S~-27-Prwvl-2R.3R.14.20.25-~entakis(~imethvlsilanvloxv~-5R-cholest-7-sne6.22- 
dicne (16b). 
'H t+R (400 M-b, &Da): 6 = 0.07, 0.17. 0.19, 0.22 and 0.33 (5s'~. Si(Uia)a signals), 0.70 
(s. U-b-19), 0.92 (s, CHa-la), 1.17 (s, C-b-26), 1.41 (s, ma-21). 2.51 (W1/2 = 20 Hz. 17- 
H), 2.57-2.67 and 2.77-2.87 (Cttz-23). 2.94 (dd, J = 3.5 HZ. 13 HZ, 5-H). 3.05 (WI/~ ~24 HZ. 
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$+I), 3.61 (WI/Z = 20 Hz, 2-H). 4.00 (W1/2 = 8 Hz, 3-H). 5.64 (d, J =2.2 Hz. 7-H) and u-t- 
identified signals at 6 = 0.60 and 1.36.- IR (CClr): 1715 (C=O). 1665 cm-’ (unaat. C=C).- 
c45~sso7~i5 (881.6). MS: m/z (x) = 865.5147 (CM-CHS~+. 1.0, Calc for C44HssChSis: 665.5142). 
823 (2). 775 (3). 753 (2). 685 (3). 651 (2), 561 (loo). 

0-279raovl-2a.3a. ‘_ * i 
m 
1H t-uf (400 mz, CsDs): identical with the ape&run of 16th exceptiOn: 6 = 2.56-2.66 and 
2.81-2.91 (Cl+23). 3.06 (W1/2 = 23 Hz, 9-H).- IR ((X14): 1715 (C=O), 1665 cm-’ (Unsat. 

- CdsHssO7Sis (881.6) MS: m/z (%) = 865.5140 (&l-Cl+sl+ 0.8. Calc for C44Hss07Sis: 
=!5142), 823 (2). 775 (2); 753 (I), 685 (2), 651 (I), 561 (lob). 

2w _ _ 27 ~00~1-56-qno lest-7-ens-6.22-dione Cl7a). 
wb was deailylated (see gmeral proceaK0) to give after LC (cH2C12-MeoH 12:l) 17a in quan- 
titative yield.- ‘H M (80 Miz. CsDsN): 6 = 0.89 (t. J = 6 Hz, Cli3-30). 1.04, 1.10 (2s’s. 
Uis-18, CHs-19), 1.30 (S, Cl+26), 1.70 (s. CH3-21)) 2.80-3.70 (5-H. 9-H. 17-H. ais-23). 
4.00-4.30 (2-H. 3-H). 6.19 (d. J = 2.0 Hz, 7-H).- C30H4307 (520.7). FAB MS (glycerol): m/z 
(%) = 521 ([t&H]*. 261, 503 (100). 465 (301, 467 (17). 

on of 17a. 
17a td re&ced with Li(tBuO)sAIH in THF as described for lla. Analytical l+LC (5 m Si 100 
CaiCls-cHsCtl 7:1) shawed the presence of 2 peaks in a 16:l ratio (corresponding to a d-e. i 
88% for the reckcticn of the 22-CO group). The main peak cqrrelatad with 19a, obtained frcm 
the reduction of the 16a /17a mixture as described above. 

(7aR 72R 75s)~27-Hvdroxv _ _ 76 brobv l-20.30.14.20,25-bentak s i- (tr imethvl-silanvloxv)-56 
cholest-7_en-B-one ( 18b). J3 
Conversion of 18b to 18b by DIEM4 reduction and subseamt bhO2 oxidation was pet-formed aa 
described for lib->13a (see there). Yield: 77%.- ‘H M (400 Miz, CsDs): S = 0.09. 0.18. 
0.21. 0.22 and 0.32 (56’s, Si(CHs)s signals), 0.78 (s, Uis-19). 0.92 (s, CH3-18). 1.21 (s. 
Clis-26). 1.31 (s, CH3-21), 2.28 (t, J = 9.5 Hz. 17-H), 2.36 (“d”. CH). 2.96 (dd, J = 3.5 
Hz, 13 Hz. 5-H), 3.06 (WI/Z =24 Hz, 9-H), 3.45 (dd. J = 3 Hz, 10 Hz, 22-H ), 3.92 (WI/~ = 21 
Hz. 2-H), 4.02 (WI/: = 8 Hz, 3-H), 6.00 (d, J = 2.2 Hz, 7-H ).- IR (CC14): 3630-3300 (U-l). 
1665 an-l (vrsat. GO).- C4sHso07Sis (883.6). MS: m/Z (%I q 867 (Pl-CYi31+. 0.3). 795 (I), 
777 (I), 735 (2), 707 (I). 687 (I), 651 (IO), 561 (100). 

flm 27R. 2%) 27 _ - Hvdt-oxv -27-~r~vl-36.36.l4.20.25-Dentakis-(ti~~vl-silanvloxv)-5R- 
19tJZ.33 

Conversion of 17b to 19b by DIBAH reckcticn and subsearent FM):! oxidation was performed aa 
described for lib->13a (see there). Yield: 71%.- IH M (400 Miz. CsDs): 6 = 0.10, 0.17. 
0.22, 0.23 and 0.34 (5~‘s. Si(Uis)s signals), 0.78 (s, U-is-19). 0.92 (a, Cli3-18). I.19 (s, 
Cl+-26), 1.30 (s, Cl+21). 2.25 (t, J = 9.5 Hz, 17-H). 2.33 (“d”, U-l), 2.95 (dd, J = 3.5 Hz. 
13 Hz. 5-H). 3.06 (WI/~ = 24 Hz. 9-H), 3.44 (WI/~ = 18 Hz. 22-H). 3.92 (w1/2 = 20 Hz, 2-H), 
4.00 (w1/2 = 8 Hz. 3-H), 6.00 (d, J = 2.2 Hz, 7-H).- IR (CClr): 3630-3300 (CM), 1665 an-’ 
(unsat. C=C).- C4sHso07Sls (883.6). MS: m/z (%) = 867 (CM-cH~l+, I), 825 (I), 777 (I). 708 
(2), 687 (1). 651 (2), 634 (4), 631 (5), 561 (36). 509 (44), 493 (40), 440 (32). 421 (100). 

~OR.22R~b?6.3R.14~7.25-Hwahvdroxv-27-~rcwl-5R-cholest-7-m+-me (161~) 
16b was de6ilYlated (general procecks-e) to give 16~ (63% yield). Tha d.e. (94%) of the DIEM-i 
reckrcticnss was datermined by I-PLC (5 m RR-18. MaU-Hi20 3:4).- IH Mli (400 Miz. CsDsN): S = 
0.85 (t, J q 7.5 Hz, CH3-30), 1.08 (s. C&-IS). 1.22 (s, Ui3-18). 1.36 (a. C&-26), I.61 (a, 
cji3-21). 3.02 (w1/2 = 20 Hz. 5-H and 17-H). 3.57 (WI/Z = 23 Hz. 9-H). 3.92 (w1/2 = 16 Hz. 
22-H );.4.20 (wl,;= 21 Hz, 2-H), 4.27 (WI/~= 7 Hz, 3-H). 6.25 (b, J i.2.0 Hz, 7+), signals 
at 6 = 0.89 (t), 1.38 (q) and 3.57(m). probably traces of Bu4NX.- IR(KBr): 1665-1635 cm-1 
(unaat. C=C).- CsoH5007 (522.7), FAD-MS (glycerol): m/z (%) = 523 ([MtH]+, 57). 505 (87). 
487 (100). 469 (55). 

~2oR.22R.25R)-26.36.14.20.22,25-Haxahvb0xv-27-oroov1-56~1~t-7~6-~ (19q). 
l9b was dasilylated (general procedure) to give 19c (83% yield). Tha d.e. (94%) of the DINAH 
ra&cticnss was determined by HXC (5 cvn RR-IS, MeCH-H20 3:4).- ‘H IM (400 M-lz, CsDsN): 6 = 
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0.84 tt, J = 7.0 HZ, @b-30), 1.07 (8. aa-19). 1.22 (S, ma-18), 1.35 (8, U+26), 1.61 (S, 
~3-21). 3.01 (W1/z = 
Hz. 22-H). 4.19 (w1/2 

22 Hz, 2H. 5-H and 17-H). 3.52 (wl/z = 23 Hz. 9-H). 3.90 (WI/Z = 17 
= 23 Hz, 2-H). 4.25 (w1/2 = 8 Hz, 3-H). 6.26 (d. J = 2.0 Hz, 7-H), 

signals at 0.89 (t). 1.38 (4) and 3.57 (m), traces of Su4Nx.- IRWBr1: 1645 an-l (wt. 
C=C) .- CsoHsoC7 (522.7), FAB MS (glycerol): 523 ([MtHl+. 42). 505 (72). 487 (lOO), 469 (43). 

~~l-diDhenvl-silanvloxv)-~roovl)-72.25-ewxv-20-hyvdroxv-26.36.i4- - - _ 
.- . vls~lanvloxv)-56-cholsst-7.22-disn-6-one C20& 

To a solution of 3d (96.1 mnol, Proce&re b) in by THF (2.0 ml) a solution of lab (50.5 
~19, 87.4 mnol) in THF (1.0 ml) was added at -78OC, and ths mixture was stirred for 4.2 h 
while warming up to 20°C. Usual wwk up (EtrO) followed by LC (hexanss-ethyl acetate+Ets 
12:l:O.l) save 3d (23.3 me, Se%), 1Oa (17.3 tng, 34%). 20s (36.8 m9, 43 %).- 1H rM? (400 t&. 
UJCls): 6 = 0.04. 0.06 and 0.10 (35’s, Si(CHa)a signals), 0.78 (s, U-la-19). 0.92 (8. ais- 
18). 1.02 (s, C(CHa)a). 1.22 (s, 6H, C&-21 and CHa-26). 2.93 (W1/2 = 12 Hz, S-H), 3.37 
(W1/2 q 12 Hz. 9-H), 3.63 (t, J = 6.1 Hz, CHZ-30). 3.71 (m. ~112 = 16 Hz. 2-H). 3.88 (broad 
s, 3-H). 4.52 (t, J = 2.2 Hz. 23-H), 5.78 (d, J = 2.1 Hz. 7-H). 7.33-7.42 and 7.62-7.66 
(At--H) .- IR (CC14): 3600-3200 (a-l), 1715 (enol ethsr), 1670 (unsat. C=C). 1640, 1590 an-1 
(C=C).-CssHes07Si4 (973.61, MS: III/Z (%I = 873 (CM-C~Hhw-cYisl+, 0.3). 799 (0.3). 725 
(0.4). 605 (0.9). 577 (31, 503 (10). 466 (15). 429(19), 355 (25). 337 (78). 199(100), 73 
(53). 

Reaction of (+)-3d with Kha. as dsscribsd for the synthesis of lla. followed by LC (ethyl 
acetate-ethanol 25: 1) 9ave a mixture of 22a and 22b (75%, bas& on 10~). Prep. HJLC (i- 
octane-CHC13-ethanol 15: 15: 1) Qave 22b (35%). 22&i (33%). and a mixture of both diastst-so- 
msrss (7%). 

Addition of (S)-3d to 10s. 
Reaction of (S)-3d with 1Oa. as described for the synthesis of lla. followed by LC (ethyl 
ad&ate-ethanol 3O:l) 9ave 22a (50%. based cn lOa). Ths specimen of 22s obtained in this ex- 
periment was identical (MC) with 2243 obtained in the preceding experiment.- HJLC (5 mn Si 
100. i-octane-CX13-ethano 1 5:5:1). retention times: 22b: 16 min and 22a: 18 min. 

mw56k27-r3-h0t-t.~~BIdf;rl$lPhenvl -. -silanvloxv)-brobvll-76.36.14.20.75-56-be&&+oxp 
&o&it-7-ene-6.22-d’cne (22aL 
lH-M (400 Miz. CDC:a): 6 = 0.85 (s. CHa-19). 0.98 (s. U-la-18) 1 03 (s 9H SiQu) 1 15 
(s, Cl-la-26). 1.42 (s, a-19-21). 2.41 (dd, J = 3.5 Hz. 13 Hz. 5-H): 2:54-2.;0 (i7-H. C&-23), 
3.00 (~112 = 23Hz, 9-H). 3.65 (t. J = 6.0 Hz, CH2-30). 3.86 (~1;; = 23 Hz. 2%). 4.01 (w1/2 

= 9 Hz, 3-H). 4.09 (s, M. exchan9es with D20), 5.78 (d, J = 2.2 Hz, 7-H), 7.38 and 7.66 
Mr-H), unidentified snail signals at 6 = 0.86 and 1.24.- IR (aiCl3): 3650-3200 (OH), 1695 
(C=C). 1650 can-’ (unsat. C=C).- Neither EI nor FB MS could be obtained. 

12oR.25R) 27 r3 (tst-t.-Duty - - - l-dibhsnvlsilanvloxv)-brcovl1-26.3i3.14.20,25-bsnta-h~dr oxv-SR- 
c&lest-7-ene-6. 22-dions (22b) 
V+Nl? (400 Miz, CDCla): 6 = 0187 (s, C&-19), 0.99 (s. CHa-18), 1.03 (s. 9H. SitSu). 1.13 
ts. U-is-26), 1.43 (s. a-l3-21). 2.42 (dd. J= 3.5 Hz. 13 Hz, 5-H), 2.55-2.68 (17-H. CY-lz-23). 
3.00 (w1/2 = 23 Hz, 9-H). 3.65 (t. J = 6.OHz, U-b-30). 3.86 (W1/2 q 22 Hz. 2-H), 4.02 (w1/2 

= 9 Hz. 3-H). 4.09 (s, CM. exchanges with D20), 5.79 (d. J = 2.2 Hz, 7-H). 7.38 and 7.66 
@r-H). unidentified small signals at 6 = 0.86 and 1.25.- IR (UiCla): 3650-3200 (OH). 1700 
(C=C), 1655 an-l (unsat. C=C).-Neither EI nor FAS MS cculd bs obtained. 

~20R.25R)-27-~3-~tert.-Butvl-diDhenvl-silanvloxv)-~~~l1-26.3R.14.20.25-Dentak s i- 
~trimsthvl-silanvloxv)-5B-cholest-7-ene-6.79-dicns @?d) 
22b was silylated as dsscribsd for lla. LC (hexanss-sthyl acstaMt3 30: l:O. 15) Qave 22d 
in 79% yield.- ‘H rV+fI (400 M-lz. CsDs), 6 = 0.06, 0.17, 0.18, 0.24 and 0.34 (55’8, Si(CHa)a 
SisMlS), 0.70 (s, Uia-19). 0.92 (s. U-h -18). 1.16 (s. U-la-26). 1.20 (s. SitE!u), 1.41 (s, 
Ci-b-21), 2.51 (W1/2 = 19Hz. 17-H). 2.56-2.67 and 2.75-2.86 (C#b-23). 2.96 (dd. J = 3.5 Hz. 
13 Hz, 5-H), 3.07 (w1/2 = 23 Hz, 9-H). 3.69 (t. J = 6.0 Hz, cH2-30). 3.92 (w1/2 = 20 Hz. 2- 
H). 4.00 (w1/2 = 8 Hz. 3-H), 5.94 (d, J = 2.2 Hz, 7-H). 7.26 and 7.79 (At--H).- IR (Ccl,): 
1715 (C=C), 1665 an-l (unsat. oO).- Ca1H1osOsSie (1135.9), MS: m/z (%) = 1119 (Cl+CHal+. 2). 
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1077.5817 (IPSC4Hel’. 13. Calc for Cs7Hs7OeSis: 1077.5809). 987.5 (18). 897.5 (13). 807.5 
(71, 561 (100). 

a) 22s vas silylated as described for lla to give, after LC (see preceding experiment) 22c 
in 71% yield. b) 22c was also obtained fran 2oa by (i) opening with HCl (see formation of 
lla), (ii) silylation. (iii) LC (see above) in 78% overall yield.- IH w (400 Liz, CsDs). 6 
= 0.07, 0.18, 0.19, 0.25 and 0.35 (5s'~. Si(CHa)s signals). 0.70 (s, U-b-19). 0.92 (s, Clis - 
18). 1.17 (s. Cl+26), 1.21 (6, SiQu), 1.42 (s, U-b-21). 2.51 (WI/~ = 21 Hz, 17-H). 2.55- 
2.64 and 2.80-2.91 (a+-23). 2.95 (dd, J q 3.5 Hz. 13 Hz, 5-H), 3.07 (w112 = 22 Hz. 9-H), 
3.69 (t, J = 6.0 Hz. a2-30). 3.92 (WI/~ = 20H2, 2-H), 4.00 (w1/2 = 7 Hz, 3-H). 5.94 (d, J = 
2.2 Hz. 7-H). 7.27 and 7.80 (Ar-H).- IR (CC14): 1715 (C=O). 1665 an-' (unsat. C=O).- 
COlHlO606Si6 (1135.9). MS: m/Z (%) = lll9 ([t4+i31+, 21, 1077.5798 ([M-C4H61+, 17, CaIC for 
C57H6706Si6: 1077.5808). 987.5 (lo), 897.5 (171, 807.5 (91, 561 (100). 

75R)-2R.3i3.14.~0.?2.75-Hexahvdroxv 77 (3 hvdr - - _ oxv-orocv1)-5Echoleet-7-en-6-cng 

21b was obtained frcm 22d (as described for la) by (i) DIBM reduction in THF, (ii) oxida- 
tion with M-102 in CH2C12. (iii) desilylation. (iv) LC (Ui2C12-MeoH 5:l) in 43% yield.- 1H 
F(cR (400 M-IZ, CsDsN). 6 = 1.08 (s, Cl-b-19). 1.22 (S, a-13-18). 1.37 (S. CHs-26). 1.59 (s. 
C&-21), 2.98 - 3.07 (5-H. 17-H). 3.59 (WI/~ = 20 Hz. 9-H). 3.89 (WI/~ = 14 Hz. a-12-30. 22- 
H). 4.15 - 4.26 (2-H. 3-H). 6.26 (d, J = 2.2 Hz. 7-H).- IR (K&-):1635 cm-1 (unsat. C=O).- 
C30H5003 (538.7). FAS MS (glycerol): m/z (%) = 539 ([N+Hl+, 17). 521 (32). 503 (42). 487 
(54), 485 (100). 469 (22), 467 (23). 

06~. 
(21al. - 

3 x-r 1 -5 __ 

21a was obtained fran 22c by (i) DIBPH reduction in toluene (cf.7f. oroce&re 2). (ii) oxi- 
dation with w2 in Cli2C12. (iii) desilylation. (iv) LC (CH2C12-M&H 8:l) in 83% overall 
yield.- 1H w spectrvn (400 M-lz, CsDsN) was identical with that of 21b with ths exceoticn 
of : 6 = 3.87 (WI/S = 11 Hz, C&-30, 22-H).- IR (Wt-): 1635 Can-' (WlSat. C=o).- C3OH5006 
(538.7). FAB MS (DMSO-glycerol): m/z (%) = 539 (lM+Hl+, 14). 521 (33). 503 (45). 487 (531, 
485 (100). 469 (24). 467 (22). 
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