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h&act-The Pd-catalyzd reaction of l&diene monoepoxides with carbonucleophiles is applied to the 
regio- and stereosekxtive introduction of lS/%hydroxy group and side &aim+ to steroid nudei. 3/?- 
Hydroxyandrost-Scn-17-one (15) was converted to lS,16~~poxy-A”~~~~ isoheptylidene steroid 20 and 
ethylidene steroid 21. The former was subjected to the Pd-catalyxed reaction with dimethyl malonate and then 
converted to lS~h~~x~ol~terol(29). Siarly, IS~hy~ox~o~~ (32) w~obtained front the 
ethylidene steroid 21 using the Pd-catalyzed reaction of methyl 3-oxo-5-methylbexanoate (24) as a key 
l&tiOlL 

INTRODUCI’fON 

carbonuckophik.s is an important and us&l s thetic 
method, and has been studiad cx&naivcly.‘* zn Allylic 
acetates are commonly used for the ma&m. In our 
continuous ~5% to expand the us&lness of the n- 
aUylpalladium c&mktry in organic syntheses, we have 
found that allylic carbonates are more reactive than 
acetates and their reaction proceeds under neutral 
conditions.’ Also we paid our attention to the 
possibility of forming n-allylpalkdium complexes h-om 
l,f-diene monoepoxidbs, because they can be regarded 
as ally& ethers. Simple ally& ethers are inactive for the 
Pd-aatalyzed reaction, but we expected that allytic 
epoxides would be more reactive. The Pd-catalyzed 
ring opening reaction of various lJ-dkne monocpox- 
ides has been reported by Noyori and co-workers,’ 
which seems to proceed via the formation of X- 
allylp~adi~ compkxes. We have confirmed that the 
Pd-catalyzed reitction of 1,3diene monoepoxidcs with 
carbonuckophiks proceeds smoothly. Particularly the 
reaction is highly regioaekctive to give 1,44dducts as 
main products5*6 (Scheme 1). In addition, this reaction 
proceeds under neutral conditions, hecause alkoxide 

/ 

anion is gemated by C-O bond ckavagc and 
abstracts proton from nuckophike. Thus the ma&on 
can be carried out without addition of external bases. 

The highly regiosfzkctive ma&on of 1,3dicne 
monoepoxides is very useful for organic synthesis. We 
have syntheaiz4 the pheromone of the Monarch butter- 
fly in short steps using the monocpoxide of isoprene.’ 
Furthermore we found that the reaction is not only 
regiosekctive, but also stcreos&ctive.’ WC have 
observed high stereo- and regios&ctivity in the 
intramokcukr nuckopbilic di@acemcnt of the 
following 1$-dienemonocpoxides 1 andrl(schnne2)at 
room temperature to give the 6-membered iafztones 5 
and 9, without forming S-membered lactoncs using 
the palladium complex 2s and trimethyMpropanc 
phosphite 3. These two epoxida 1 and 7 are di&rcnt 
only in their double bond coniiguration. The 
cyclization of I-gave a mixture of &lacto~S and9in a 
ratio of 92 : 8, whik the reaction of 7 kd to a mixture 5 
and9inaratioof5:9S,Thelactoncs5and9are 
diastereomers, epimeric at ql2). The ketone 5 was 
converted to ( f )-l~l-dcoxyprostagkndin Ef (6). These 
results and me&m&tic consideration indicate that&e 
cycIiz&ion of 7 proceeds with ovcrali retention of:the 
stereochemistry ofthe epoxides through the syn, syn Pd 
complex 8, while the cyclization of 1 proceeds through 
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Scheme 1. 
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1,3- 

steroid side chains and a lo-b~dr~xy group. In this 
paper, we wish to report the sttmosektive introduc- 
tioa of side chains and static approach toward 15- 
hy~~xy stero on the Pd-~~~ roof of 
15,l kpoxy-A 17(2*~-alkylidene steroids 12 with vari- 
ou6 ~~~~~le~p~~. A ~re~~~a~ report has been 
p~b~sh~* f and the details of the studies are pre+sent&i 
in this paper. 

The remtlon of 1,3-diene monqxide with 
organocuprates is known to undergo selaztive anti 
a~~~. But tb~~~~~ isnot always ~~~l~~v~,~d 

chains and a 15- 
show& that the Illwlction of cthyi.idenc qmcide 12 

reactbn of 1,3-dienc monocpoxides 12 with cark- 
nucl~p~~ should give l&adducts 14 r&u- 
~1~~~1~ with syn rela~u~~~ of the ~~t~~g 
nucleaphile and the departing group of oxygen. This 
Pd-catalyzed S&l s S&Y 1 6 and ScN”* ’ r~~o~~ 
are v~wab~~ for the tran\fer of C-0 ~~~ to 
that of a C atom of the newly formed C-C bond, We 
wanted to examine this adopt within the intuit of 
tha shercoscltxtivc canstnrcition of tht natural C(2OR) 
and unnatural C(2Os) conf@ration in steroid side 

Fig. 1. 
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Scheme 3. 

chains. Although most steroids have CQOR) cdigur- 
ation, steroids having C(2OS) iteration have been 
proved to be useful in a number of biological st,udies. * * 

The alkylidene epoxides 28 and 21 were prepared by 
Marinor4f’rom 3@-acetoxyandrost-5en-17-one(16). In 
their synthesis, 3/?-t-butyldimethyhiloxyandrost-5,15- 
dim-17-one(fS) was prepared from 16 by bromination- 
dehydrobromination after protection of the earbonyl 
group as ken& However, we applied our new Pd- 
a&tlyxed synthetic method for enone from saturated 
ketones via their enol acetates” to the introduction of 
the double bond. 

After silylation of the alcohol in 15 (t-BuMesSiCl- 
imidaxole-DMF; 98% yield), the en01 acetate 17 was 
prepared by tmnsa&ylation withisopropenyl acetate 
in 79% yieId.Then the enoi a&ate 17 was &%x&d with 
ally1 methyl&rboaate in CH&N by using Pd(OAc), 
and tributyhin methoxide as the b&et&q Cqtatysts to 
8ive the enone 18 in 890A yield after @romatography. 
The epoxidation of 18 with t-bu~~~o~o~ide in 
Triton B aEoidtdaele&vely the &epoxidi; X9?’ in 77% 
yield. The subsequent Wittig reaction of the resultant 
epoxy ketone 19 with isoheptyl- and ~yl~ph~yl- 

phosphors bromides (n-BuLi in THF at -30”) 
a@orded the desired epoxides 28 and 21 in 87 and 77% 
yields respectively. These epoxides are not stable 
and decomposed d,uring column chromatographic 
purification. Therefore, they were purified by 
recrystaUization. 

The Pd-c&alymd reaction of 28 with several 
nu&ophiir!z~w6acarriedoutinorder tointroduceC(20) 
methyl group The catalyst solution was prepared by 
mixing Pds(TBAA)&HCl, 2’ and three equivalents of 
the bicyclic phosphite 3 in THF for 30 mm at room 
temperature under argon. When ~ph~yiphosp~ne 
instead of 3 was used as the l&and, no reaction took 
place. To the catalyst solution, a mixture of theepoxide 
28 and the nucleophile in THF was added dropwise at 
room temperature. The beat result was obtained with 
dimet4yl malooate (Table l), and the l&adduct 22s 
was obtained in 83% yield in 2 hr. On the other 
hand, the reaction of sulfonylricetate was slow and the 
aqlduct t#t was obtained in 73% yield a&z 20 hr. NO 
rea@ion took place with disulfone. Further mvestiga- 
tion of the adduct of dimethyl malonate r&&&that 
the reaction proceeded with 1mA r@ioscle&ivity, but 
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Table 1 

Run Nucleophile Pd” (mol “/o) ‘Iii (hr) Ratio (& : 23) Yield e/d 

-- 1 McO,c*cOIMc-- 5 
2 ToQS %OiMe 

2 95.: 5 a3 
10 56 - 

* 
73 

3 Isots SOzPh 10 - 

TBAA : tribcmyIidene acetylacetone. 

the stereoselectivity was not complete and the dicater 
22a and its CQO)-isomer 23b were obtained in a ratio of 
95:5. 

SimilarlytheepoxideZlwasallowOdtoreactwit 
j?-keto ester 24(Scheme 6). The adduct 25 was obtained 
in 91% yield in 2 hr as a mixture of stereoisomers 
due to the methoxyc~~nyl group. After demethoxy- 
carbonylationwithNaIinHMPA/H,Oat 180”toform 
.Y in 97_% yield, the regio-, and stereoselectivity of this 
Pd-cataly&ir&ction was examined, and none of the 
regio- and stereoisomers of 26 were detected by 13C- 
NMR and HPLC. 

Then the stereochemistry at C(20) of the 1,Qadducts 
221 and 26 was determined by conversions to 3/?-t- 
butyl~e~ylsiioxy-lS~-hy~oxychol~~ol(3O) and 
38 - t - butyldimethylsiioxy - 15g - hydroxyisocholesterol 
(33), respectively. The transformation of the diester 
22a into 30 was carried out in the following way 
(Scheme 7). Demethoxycarbonylation of 22a (69% 
yield) and selective hydrogenation of A16double bond 
over PtO, at 40 atm of hydrogen afforded the alcohol 
27 in 89% yield. After protection of the 1%hydroxy 
group with ethyl vinyl ether, the ester group was 
reduced to primary alcohol with diisobutylaluminum 
hydride and then oxidized to the aldehyde UI with 
Collins reagent in 85% overall yield. Removal of the 
aldehyde group in 28 with RhCl(PPh,), in refluxing 
benxene21 and hydrolysis of two protecting groups 
~th~toiuen~u~o~c acid in MeOH gave the diol29in 
8204 overall yield. Theselective protection of 3-hydroxy 

‘n Pd$WAIUJCXC13 

group with t-butyl~e~y~yl chloride gave the 
known alcohol 30’* in 81% yield. 

The conversion of the ketone.26 into 33 was carried 
out~~efo~o~gway~h~e8).~eWo~-~~~ 
reduction gave the dial 31 in WA yield. The selective 
hydrogenation of the A’6double bond over Pt02 and 
finally the, s~ylation of rhydroxy group with t- 
butyldimethyMlyl chloride afforded the known alcohol 
33r4 in 75% overall yield. Comparison of the NMR 
spectra (360 MHz) of the two alcohols 30 and 33 nicely 
distinguishes the two isomers in the C!QO)-methyl 
region. The chemical shift of c(u))-methyl of 30 was 
0.93and that of33wasfoundtobe0.85.Itisnoteworthy 
that 33, of the unnatural 20s chirality, has the more 
up&eld shift than 30 of the natural 20R chirality for 
C(20)-methyl signal. Those chemical shifts of c(20)- 
methyl are in agreement with those previously 
reported.‘4*22 

DISCUSSION 

Stereocontrolled introductions of side chains at 
c(20) in (Z)-A”(20)- and 20(S)-acetyl-A’6-unsaturated 
steroids using stoichiometric and catalytic organo- 
pailadium, respectively, were reported by Trostz3 and 
Schwartz” independently. Mechanisms of these 
reactions were also well discussed. Now we have 
observed the high regio- and stereoselectivity (22a : 230 
= 95: 5; Table 1) in the reaction of 1,fdiene 
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monoepoxide 20 with dimethyl malow. This result 
can be rationalized as follows. The initial attack of Pd(0) 
to 1Jdiene monoepoxide 24 takes place from the 
opposite face of the epoxide, as obsuved in the IC- 
allylpalladium alkylation with aIlyl ac&~te,~’ to form 
the mo&t stable syn n-allylpalladium complex 34a. The 
8-i isomerization invotig z-ally1 to cr-allyl 
intercqersiqp and bond rota+ wot&ic&entiaiQ be 
~ibleifeitherthetpoxideortbioledn~erein~~c 
~ystems.~~ In the case of steroids, howCver, syn-qn& 
isomerization (3&=34I~) would he very slow and 
the concentration of Mb would be low due to the 
unf%vorable anti con6guratiori of alkyf group and the 
location of the Pd on the con&e&4 &face of the steroid 
in 34b. Therefore the f&o&r&g attack of the 
~bonucleop~le proceeds again from the opposite 
face of tbe sy#t zr-allylpalladium complex Ma with 
inversion ofconfiguration to give the major product 22. 
Thus the inversion at the oxidatiie a&it& and 
inversion at the alkykation of n-allylpalladium with 
nucleophiles lead to nut retention of con@uration as 
the major reaction course. 

The formation of ‘the m&r product 23 can be 
rational&d as folfbws. Trost et al. &xplained25*26 
very rapid interconversion of cis-Iaatoxy-5- 
carbomethoxy-l-cyclohexene apd its tronr-isomer in 
the preaena of Pd(o) by the internal transfer of the 
dissociatedacetateaniq&omthesamcfaceofPd.The 
Pd-catalyzed reaction of diene monoepoxide is 
different from the reaction of ally1 acetate and this type 

of interconversion is impossible. One rational 
expl~ationforthe~merizationof31to35ia~Pdis 
displaced from the z-allylpalladium comp#ex 34a by 
Pd(0) q&c4 present in the reaction mediom, as a 
strong nucieoph@ with inversion of wh%guration. 
This metal-metal exchange is. well known in other 
system& involving metal n~cleqphiles.27 The kss stable 
+llylpalltium complex 3% formed by x1+&~&4 
exchange my isomer& to the stable ~~y~~~~ 
complex 351 by zc~eitlyl to.o-ally1 interconversion. Then 
the displacement of Ir-allylp&adium compkzx3Sb with 
carbonucl&pMe proceeds from the opposituface with 
inversion ofconfiguration to give the minor product 23. 

The regiocheniical results observed for the products 
22 and 23 can be undirstood in tern& of steric effects. 
The l&addition course of nu~l~p~le’ to TL- 
allylpalladium complexes 34, and 35b is blocked with 
the resulting hydroxy group, thereby the less crowded 
l&addition course of nucleophile became dominant. 
This higher regi&&ivity in the Pd+zatalyzd ring 
opening reaction of 1,3diene monoepoxide system is 
~~t~~~~yof~s~. 

The preseut studies reveal that- the Pd-oatalyzed 
regic+ and stereoselective reaction of 15~,16&epoxy- 
l~(~alk$idene steroids with carbonucleophiles o&s a 
very garnethod for the stereoselective introd&tion 
of iteroid, side chains with both 20R and 20s 
cotiguration and 15@hydroxy group. These results 
iadicatethatthePd_catalyzedriogopening9f1,3_diene 
monoepoxide gives the syn SN2’ alkylation product. 
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IR spectra were mamid on JASCO IRA-2 
IR data represent P_ in cm- *. E&&IS were 
Hitachi M-80 mass spactrometer, High 
sm wem recordad w a Jeol JMZWXSG-2 mass 

x 250 mm) ~1~~ and ~~-~~~~t~~. _ 

3j? - t - Butyldimethylsiluxy - 17 - ucetoxyandrt~tu - 5,16 - if&~ 

113 
A mixture of 3B_t-trutyl~~y~oxyandrost_Scn-f 7-one 

(7.0 & 17.4 mmd), prepand from 15 (5.0 & 17.3 mmol~ 

filtered through a short silica gel column and then the solvent 
was removed in WGW. The residue was purified by column 
c~~mato~phy on s&a geI with cerise (1: 20) to 
afford 17(6.14 g, 79% yield): IR (KBr): 2920,1770,1620,1460, 
1360,1210,1090,8#,770;‘H-NMR(60NH~CCI,):M).90(s, 
Si-cMe~ &nd 13-I%), I-Q3 fsf 1~M~~~ 2.15 (s, ~~~~~ 5*4- 
5.6 (m, 6-I-Q 5.55-5.7 (m, 16-H) and the starting material (1.48 
g, 21% yield), 

3/Y - t - Butyldimethyldoxyimdrost~ - 3,15 - dim - 17 - one (18) 
To a sob of 17 (10.8 g, 24.3 mmol), ally1 m&by1 carbonate 

(5.53 g, 48.6 mmol), and B~~S~~~~ (2.26 7.3 mm011 ia 
CH,CN (300 ml) was added Pd(OAc), (267 mg, 1.21 mmol) at 
70” under argon. The mixture was refluxed for 2 hr, and then 
the soIn was filtered a sboti &ica gel ~1~. Afk.r 
removal of the solvent, the residue was chromatographed on 
silica gel with etb 
yield): m.p* ll l-I 
= 0.656,CHClJ) ; EI-MS 400 [Ml+, 385 m -Me]+, J43 [M 
-t-Bu]+ ; fR (KBr): 2900,1730,1450,1370,1250,1090,830, 

(90 MFfi, erX=r ,) : b 0.09 (3, Si--Me& 0.89 fs. 
Si-GMe, and 13Me), 1.(18 (s, 13-M& 3.2-3.6 (m, 3-H), 5.3- 
5.4 (m, U-I), 6.03 (dd, 3.2,6-O Hz, &Ht, 7.48 fdb 1.2,&O I-k 
15-W 

into c0ld water and extracted with ether* Tllc kx%ss 

5-4 tm# 5-H). 

bromide(1.&6g,4.21~ol)indryTHF(lOrmi~wasadcledn- 
BuLi (1.6 N, 2.4 ml] at 0”. The oolor changed into red and the 
mixturewaasti~~forlhratOD,Totbissoln~asadd4d1~~700 
mg, L68mmol)at -3W.After 1 ~tlxruultiagmixtumwas 
poured into NH&l aq and extracted with e&her, The organic 
layer was washed with brine, dried over MgSO+, and 
conaentrated in VUCIKJ. The residue was diluted with hot 

etch was 42ax?ld to o*. After 
cryst&lized out from hexane, the 
filtrate was concentrated in DQcuo 

Bu]” ; m.p. 135-136” (petroleum ether); [a]is = -39.3” (c 
= 0,36rl, CHC$); IR (KBr): 2950, 1460, 1360, 12% 1180, 
1080,900,&10,780,540;“H-NMR(9&MHg~3):60.Cld(s, 
Si--Med. 0.86 (d, 6.0 Hz, 25-Me&O.88 (s, SiXMe,), 1.05 (s, 
13Me), 1.14(~, l&Me),3,48@,3.6Hg 15-HX,5.25-5.45(m, 16 
H), 525-5.45 (m, &HI, 5,58 i(t, 7-5 Hz, 2U-H); 3 ~~-NM~ (25 
MHz,GDC1,): -4.5,19.2,21.0,22.6,22.9,25.9,27.9,28.1,28.3, 
31.3,32.1,36.9,37.3,38.3,38.7,39.4~429,51.3,57.1,58.Q,59.1, 
72.5, 120.3, 128.3, I42.1,145.4_ 

timpound 21 WBS prepared from 19 (2.5 g, 6.0 mmol), 
ethyltriphenylphosphonium bromide (3.91 g, 24.Ommol), and 
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BuLi (1.6 N. 13.4 ml) bv the same wocedure as above. The 

Zl(l.~gno/,yieM):~MS:428CMj+,413~-Me]+,~71 
[M-t-Bu]+; m-p. 178-179.Y (petroleum ether); [a]:’ = 
-SW(c = 0&8,CHCl,);1R(KBr):2950,1460,1380,1250, 
1080,900,840,780; ‘H-NMR (90 MHz, CDCI,): 6 0.06 (s, 
Si--Me& 0.89 (s, Si-CMe& 1.04 (s, 13-Me), 1.14 (s, lO-Me), 
1.76(67.2Hz.21-HL 3.47(63.4& lIFH).3.59(63.4Hz, 16 
HX j.3-5.45 (& atij, s.70‘(& 7.2 riz, 20-i& %-NMR (225 
MHzCDCl.1: -4.6.13.5.18.219.221.0.224.259.28.3.31.3. 
321,j6.9,37:j;38.1,j9.5,i29,j1.3,j7.1,j7.9,j8.9,j25, i20.3; 
121.7, 142.1, 146.4. 

Alkylation ofthe 1,3-&nenonoxlde 20 with dimethyl malonate 
A mixture of 2 (25.5 mg. 0.017 mmol) and 3 (24.3 mg. 0.15 

mmol) in dry THF (2 ml) was stirred for 30 mia at room temp 
under argon. To the soln was added a soln of t0 (500 m& 1.00 
mmol)anddimethylmalonate(529m~4.Olmmol)indxyTHF 
(4 ml) at room temp. The m$ture was stirred for 2 hr at the 
same temp and filtered through a short florisil column. The 
solvent was removed in oacw. The residue was chromato- 
graphed on silica 8el with ether-hexane (1: 10) to give 22.a 
(525 m&83% yield) and isomer 2% (28 mg 4.4% yield). 

Compound 2%. R, = 0.28 (ether-hexan% 1: 1) ; ELMS : 630 
[Ml’, 612 L-M-H,O]+, 5.73 [M-t-Bu]+, 555 CM-t-Bu 
-H,O]*. 481 CM-CHCO,Me or (t-BuSiMeJ]+, 349 [M 
-H,O-CH,CO,Me-t-BuSiMezOHl+; [ax = -81.6 
(c = 0.674, CHCl,); IR (neat): 3450,2950,2230.1730, 1430, 
1250,1150,1090,910,830,730;‘H-NMR(9OMHz,CDCl,):b 
0.06 (s, Si-Me,), 0.84 (d, 7.0 & 25-Me& 0.89 (H, s, 
Si-CMe,), 1.06 (s, 13-Me), 1.14(s, K&Me), 2.8-3.1 (m, 20-H), 
3.68(6H,s,.OCOMe),4.%4.5(m,15-H),5.2-5.4(m,6-H),5.55- 
5.65 (m, l&H); “C-NMR (22.5 MHz, CDCls): -4.5, 18.2, 
19.2,20.6,22.5,22.7,23.1,24.3,26.0,27.6,27.7,30.8,31.1,32.1, 
35.0,37.0,37.3,39.0,429,47.4,51.0,52.0,523.55.7,59.9,72.6, 
73.3.120.7, 127.3, 141.9,159.8,168.6.168.8. 

CJ20)-Isomer 23a. R, = 0.13 (etha-hexane, 1: 1); IR 
(Nujo1):3400,2900,1740,1460,1380,1250,1100,830,770;‘H- 
NMR (90 MHz, CDCl,): 6 0.06 (s, Si-Me,), 0.88 (s, 
Si--CMe,ll.O5 (s. U-Mel 1.12 Is. lO-Mel265 fbr d. 7.5 Hz. 
2@H), 3.64(d, ‘I.iI& 21-I$j, 3.72i6H, s, O&M&4.%4.5(m; 
15-H), 5.25-5.4 (m, 6-H), 5.4-5.5 (m, 16-H). 

Alkylation of the 1,3-diene monoxide 2@ m&h methyl p 
toluenesvlfonylacetate 

The reaction of 20 (250 mg, 0.50 mmol) and methyl p- 
toluenesulfonylacetate (572 m&251 mmol) p& using 
Pd,(TBAA),CHCl,(25Jm~O.Ollmmol)and3(24.3mg,0.15 
mmol) by the same procedure as above. The reaction took 20 
hr to give 22b(267 mg. 73% yield) : IR (KBr) : 3500,2930,1740, 
1600.1460,1330,1150.1080,830,770,710,580,510;’H-NMR 
(90MHz,CDCl,):d0.08(s,Si-Me3,0.84(d,7.5Hz,25-Me3, 
0.88 (s. Si-CMe,l 1.06 (s. 13-Me). 1.10 Is. l&Me). 246 (s. 
Ph-‘tie), 3.60,3.%(3H, i &OM&), 4.25-4.5 (m, l$H), 5.ii 
5.4(m,6-H), 5.5-5.6(m, 16-H), 7.34(2H,brd,8.0Hx,Ph-H), 
7.76,7.83 (ZH, br d, 8.0 Hz, Ph-H). 

Alkylation of the 1,3-diene monoxide 2l with methyl 3-0x0-5- 
methylhexanoate (24) 

To a mixture of Pd,(TBAA), CHC& (29.8 mg, 0.020 mmol) 
and3(28.4m8,0.18minol)indryTHF(2ml)wasaddedasoln 
of 21(500 m&l.17 mmol) and 24 (554 mg, 3.51 mmol) in dry 
THF (5 ml) at room temp. The mixture was stirmd for 2 hr at 
the same temp. After the usual work-up, the residue was 
chromatogr bed on silica 8el with eth&exane (1: 5) to 8ive 
25 1625 ma “% lo/, vieId): IR Muioll: 3350.2900, 1X0, 1710, 
1480,1370,12~,-iti, 830; 77i). j30; 11%NMR (90.~ 
CDCl,):dO.O7(s,Si-Me,),0.9O(s,Si-CMe,), 1.08(s, U-Me), 
1.17 (s, IO-Me), 3.60,3.72(3H, s, OCOMe),4.3-4.5@, 15-H), 
5.2-5.4 (m, &II), 5.5-5.7 (m, 16-H). 

38 - t - Butyldimeihylsiloxy - 15s - hydroxy - 20 - Lwcholesta - 
5,16-d&n-23-one(X) 

A mixture of 25 (230 mg, 0.39 mmol) and Na.l (116 mg, 0.78 
mmol)inHMPA-H,0(16: 1,2.5ml)washeatedat 180”for15 

min. The mixture was diluted with ether, washed with Hz0 
severaJ times, and dried. After removal of the solvent, the 
residue was chromatographed on silica 8el with ether-hexane 
(1: 5) to 8ive 26 (201 mg, 970/, yield): HPLC retention time 
(14.5-16.5 min. 4.3 ml/min, 1% isopropyl alcohol in hexane); 
EI-MS: 528 [MJ+, 510 CM-H,O]+, 471 CM-t-Bu]+; 
[a]$’ = -84.9” (c = 1.178, CHC&); IR (KBr): 3450, 2950, 
1720, 1460, 1370, 1260, 1100, 840, 780,670; ‘H-NMR (90 
MHz, CDCl,) : d 0.06 (II, %-Me,), 0.89 (s, Si-CMes), 0.90 (d, 
6.2Hz.25-Me,).1.07(s.13-Me).1.11~d,7.7~2O-Me),1.16(s, 
IO-M;), 3.2-3.x@, 3&f), 4.44(dd, i7; 4.7 HZ 15-a 5.2-54 
Im. &Hb .~~, ,, 5.57 ld. 2.7 Hz l&H): ‘%-NMR 1225 MHz 
CLXZl,): -4.6,li.i 19.2,2&6,21.i,i2.5,23.4,24$25.9,27.3; 
27.5,30.8,32.0,35.1,36.9,37.3,429,47.4,50.4,51.1,52.4,59.9, 
72.5,73.3, 120.7, 124.0, 141.8,165.7,209.4. 

38 - t - Butyldimethylsiloxy - 15s - hydroxy - 21 - 
metkoxycarbonyl - cholesta - 5 - ene (27) 

Similar treatment of 22a (749 rng 1.19 mmol) as above 
afforded 38 - t - butyldimethylsiloxy - 15s - hydroxy - 21 - 
me@oxycarbonyl - choleata - 5.16 ; diene as +n oil (473 mg. 
6VA yield): IR (Nujol): 3450, 2930, 1740, 1460, 1370. 1250, 
1160,1090,830,770; ‘H-NMR (90 MHz, CDCl,): 6 0.06 (8, 
Si-_Meh0.85(d,J = 6.8Hz&Me3.0.88(s,Si-CMe,), 1.07 
(s, 13-Me), 1.14 (s, lO-Me), 3.3-3.7 (m, 3-H), 3.63 (s, OCOMe), 
4.44(dd,3.0,4.5iIz,15-H),5.2-5.4(m,&H),5.58(d,3.0Hz,16- 
HI. The above ester (155 ma (L27 mmol) was b~dromnated in 

EiOAc (3 ml) with ho, ($ rnd under’40 a& of I& for 5 hr. 
Column chromatography on silica gel with ether-hexaue 
(1: 10) gave the ester 27 as an oil (138 mg, WA yield) : EI-MS : 
574M+,517m-t-Bu]+,499[M-t-Bu-HH,O]+;[a]i’ 
= - 37.8” (c = 0.576, CHCl,) ; IR (Nujol) : 3450,2930, 1740, 
1460,1380,1250,1090,830,770;NMR(90MHz,CDCl,)0.06 
(s, Si-Me& 0.85 (d, 6.5 Hz, 25-Me& 0.88 (s, Si-CMes), 0.96 
(s, 13-Me), 1.02 (s, W-Me), 3.33.6 (m, 3-H), 3.64(s, OCOMe), 
4.18 (br t, 7 Hz, 15-H), 5.2-5.4 (m, 6-H). 

3/l - t - Butyldimethylsiloxy - 15s - (1 - ethoxy-)ethoxy - 21 - 
fomylcholest - 5 - ene (28) 

To a soln of 27 (173 mg, 0.30 mmol) and a catalytic amount 
ofptoluenesulfonic acid in dry CHICls (5 ml) was added ethyl 
vinyl ether (0.5 ml, 5.2mmol)atO”.Themixture wasstirrulfor 
1 hr and poured into NaHCO, aq. After extraction of the 
mixture with ether, the organic layer was wasbed with brine 
and dried over MgSO& The solvent was removed in wcu) to 
give the crude mixture of 3/?-t-butyldimethylsiloxy- 
IS/? - (1 - ethoxy) - ethoxy - 21- mcthoxycarbonyl - cholest - 
We, which was used without further urification. 

TotheaboveetherindryTHF(lOml wasddedasolnofi- P 
Bu,AIH in toluene (1.2 N, 0.5 ml) at -40”. After the mixture 
wasstirredfor3Ominat -4O”,cokl3NHClwasadded 
dropwise carefully. The r*luhing mixture was extracted with 
ether and washed with NaHCO, aq and brine. The organic 
layer was dried over MgSO+ Evaporation of the solvent in 
uacuo afforded the crude mixture of 3&t-butyldimethylsiloxy- 
15/l - (1 - ethoxy) - ethoxy - 21- hydroxymethylcholest - 5 - ene, 
which was used without further purification. 

To a soln of pyridine (470 mg, 6 mmol) in CH$l, (6 ml) was 
addedCrO,(3CQm~3mmol)carefullyover lOminatO”.Aher 
20min,thesolnwaswarmedtoroomtempandtothissolnwa.3 
added the above crude alcohol. The s-8 was continued for 
1 hr and the mixture was diluted with hexane and filtered 
through a short celite column. The filtrate was concentrated in 
oacw. The residue was omilied bv column chromatoaraohv 
on silica 8el with ethersexane(l :-lo) to give 28(161 m& i52 
overall vieldfrom m:IRIKBrj: 2950.1730.1460.1380.1260. 
l10D,9i~840,780,%IO;1ir-NhR(tiMHzj0.85$,61&25: 
McJ, 0.90(s, Si-CMe& 1.02 (s, Xl-Me), 5.1-5.4(m, 6-H), 9.87 
(br s, CHO). 

3B,l5/&Dihydroxycholest-5-ene (29) 
Toaeolnof28(161m~0.26mmol)indrybenzene(7ml)was 

added dropwise over 1 hr under reflux a soln of RhCl(PPh,), 
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(278 mg, 0.30 mmol) in dry benxene (7 ml). After the mixture 
was stirred for an additional 1 hr, the mixture was Wered 
through a short florkil column. The filtrate was concqttrated 
to give the 21dcfomyl product which was used without 
further puritication. 

A soln of the above crude product in MeGH (10 ml) and 
CH,Q (1 ml) was treated with a catalytic amount of p 
toluenesulfonic a&l at 0” for 2 hr, and poured into NPHCO, 
aq. The llsual work-up and chromatography on silica ge,l with 
ether-hexane (1: 2) gave 29 (82.5 mg, SPA overall yield from 
28); EI-MS: 402 MI+, 384 [M-HsO]+. 351 m-2H,O 
-Me]+;1R(KBr):3240.2900,1460,1380,1040,960,840,800; 
‘H-NMR(!XJMH~CDCI,):C~O.~~(~,~II~,~~-M~~),O.~~(~,~ 
Hx,MMe),0.95(s,13-Me),1.03(s,l~Me),3.5(br,3-H)+4.3(bt, 
15-H), 5.5 (br, CH). 

38 - t - ButyUnethyrpiloxy - 15s - hydroxycholest - 5 - ene (30) 
Toasolnof29(39mg,0.10mmo1)andimidaxole(l7mg0.25 

mmol)indryDMF(2ml)wasaddedt-BuMesSiCl(l9mgO.13 
mmol) at -20”. The mixture was stirred for 2 hr at this temp. 
After the usual work-up; the residue was purified by 
preparativesilicagel HPLC(4.5ml/min,2%EtOAcin hexane) 
togive30(42m&81Qie1d):HPLCretentiontime18_21min; 
El-MS: 516 ml’, 459 (M-t-Bu)‘, high resolution mass 
spectmm, talc for C,sH,O,Si, m/e = 516.4359, found m/e 
= 516.4352;mp. 147-149” (petroleum ether), [a]:’ = -542 
(c = 0.251, CHQ); IR (KBr): 3400,2900,1460,1385,1255. 
1090,890,870,840,‘775 ; ‘H-NMR (360 MHq CDCI,) : 6 0.06 
(s, Si-Me3;0.87(d, 7 Hx, 2EMe,),0.89 (s, Si--CMes),0.93 (d, 
J = 7 Hz, 20-Me), 0.95 (s, lfMe), 1.03 (s, l@Me), 1.33 (ddd, 2, 
10,15~16-IfQ40(dt,8,15Hz,16-H),3.49(tf5,11Hz,3-H), 
4.18 (br t, 7 Hz, 15-H), 5.34 (br d, 5 Hx, &II). 

38 - t - ButyHfJnerhyrsiloxy - 15s - hydroxy - 20 - isoc/i&st - 
5.16 - diene (31) 

Toasolnof26(158mg,030mmol)inethy1eneglyco1(10ml) 
was added 8tE/0 hydraxine hydrate (5 ml) and the mixturc was 
stirred for 2 hr at loo”. The mixture was cooled to room temp 
and to this soln was added KOH (2 g). The resulting mixture 
was heated to 150” for 1 hr, then the condenser was removed 
andthetcmpwasirmreaudto200”.Afterexcesshydraxineand 
watcrbo~ol2thtcandcnscrwasreplaadandthebath temp 
was maintained at 200” for 6 hr. The mixture was cooled and 
poured into water and extracted with ether. After the usual 
work-up the residue was chromatographed on silica gel to give 
31 with ;ther-hexane (1: 2) (82 mg, ssO/, yidd) : El-MS : 400 
[Ml’, 382 &i-H,O]+, 287 CM-C,H,,]+ ; m.p. 151-152 
(ether-hexane): [a];’ = -108.4” (c = 0.387, CHCl,); IR 
(KBr): 3230, 2910, 1450, 1370, 1040; ‘H-NMR (90 MHx, 
CDCl,): d 0.84 (d, 6.0 Hz, 2EMe3,1.08 (s, 13-Me), 1.11 (d, J 
= 6.5Hz,2O-Me),1.15(q l@Me),3.4-3.8(m,fH),4.47(dd,2.7, 
4.7 Hq 15-H-k 5.2-5.4 (m, 6-H), 5.52 (d, 2.7 Hz, 16-H). 

3/I - t - Butyldimethy~siloxy - 15/I - hydroxycholest - 5 - ene (33) 
Compound 31 (60 mg, 0.15 mmol) was hydrogenated in 

EtOAc(3ml)withPtO,(10mg)under3OatmofH,for lhrto 
give 32; HPLC retention time (7.7-8.2 min. 4 mbmin. 5% 
isopropylakoholinhexane);IR(KBr): 3300,2900,146O,l37~ 
1045.1015.960.930: ‘H-NMR (90 MHz CIJCI.1: S 0.87 Id. 6 
Hr., 20-Me), 0.88(d. 7 Hz, 25-M&), 0.95 (a 13-M:), 1.04(s; lb 
Me),3.4-3.8(~3-H),4.16(brf6Hx,l5H),5.~5.5(m,dH). 

To a soln of32 (.50 mg, 0.12 mmol) and imidaxok (24.5 mg, 
0.36 mmol) in dry DMF (10 ml) was added t-BuMe,SiCI (27.1 
mg, 0.18 mmol)at - 20”. The mixture was stirred for 2 hr at this 
temp. After the usual work-up, the residue was puritied by 
preparative silica gel HPLC(4.5 ml/min, 2% EtOAc in hexane) 
to afford 33 (58 mg, 76% overall yield from 31); HPLC 
retention time 23.5-26.5 min; El-MS : 516 m]‘, 459 m-t- 
Bu]+, 441 [M-t-Bu-H,OJ+; IR (KBr): 3550,2950,1450, 
1385,125O. lO80,890,840,775;‘H-NMR(36OMHz,CDCl,): 

~O.O6(s,Si-Mes),O.85(d,7IIq2&Me),O.88(d,7Hz,2f+Mes), 
0.90(s, Si-CMes),O.95@, l3-Me), 1.04(s, l&Me), 1.35(ddd,5 
lO,l5~lbH),2.37(dt,8,15Hx,16-H),3.49(tf5,11&3-H), 
4.18 (ddd, 25,8 Hz. 15-H), 5.34 (br d, 5 Hx, &II). 
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