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SYNTHESIS OF MC 903, 

A BIOLOGICALLY ACTIVE VITAMIN D METABOLITE ANALOGUE 

MARTIN J. CALVERLEY 

Leo Pharmaceutical Products, DK-2750 Ballerup, Denmark 

(Receivedin U,K 13 July 1987) 

Summary: MC 903 (4), a 1,24_dihydroxyvitamin D analogue 
containing a double bond and a cyclopropane ring in the 
side chain, was synthesised in 12 steps from vitamin D2. 

la,25-Dihydroxyvitamin D3 (1,25-(OH)2-D3,2) is the homormlly active matabolite of vitamin D3 (1) 

and nmdiates its effect on intestinal uptake of calcium and phosphate by binding to a receptor 

present in intestinal epithelium cel1s.l Recently, specific receptors for 1,25-(OH)2-D3 have 

been discovered in various cells, such as skin2 and certain tumour cells, 3 which are not regarded 

as participating in mineral n&abolism. Wre it has been observed 4,s thatthebornoneis 

a potent inhibitor of proliferation and itiucer of differentiation of such cells. This has led to 

the speculation that 1,25-(~~i)~-D~ may find application in the treatment of disease states char- 

acterised by excessive cell proliferation and inmrplete cell differentiation, such as psoriasis 

and leukemia. Hc~~er, the potent effect of the natural homne on calcium nratabolisn involves 

the risk that such treatsent may induce hypercalcemia, and this has stimulated the search for 

analques having a relatively weak systemic effect on calcium mtabolism while maintaining potent 

regulatory effects on cell proliferation and differentiation. 

1 Y = H [VITAMIN ~~1 3 [l,24(~)-(CW2-D31 4 [K3 9031 

2 Y = OH [1,25-(~+1)~-D~l 

‘Ike discovery that transposition of the 25-hydroxyl group of I,~S-(CXI)~-D~ to the 24(R) position 

results in an unnatural analogue [la,24@)-dihydroxyvitamin D3, 31 with essentially equal cell 

differentiating ability in vitro, 5,‘3 but with a slightly reduced tendency to give hypercalcemia in 

4609 
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7 
=I suggests that other la,24+.ihydroxylated analcques could also be of interest. we have 

explored the biological consequences of incorporating carbons 25, 26 and 27 of 3 and related - 

pounds into various cyclcelkane rings, a modification which has not been tried before in the vi- 

tamin D field, amI in this report wa describe the synthesis of the hovel cycloprcpyl, A2’ deri- 
vative CM?_ 903, 4J,in which a dramatic separation of these biological effects has been achieved, 

and which has been selected as a candidate for clinical evaluation in the treatment of psoriasis. 

The availability of steroidal aldehydes by cleavage of the side chain double bond in A2’ steroids 

(ergosterol, stigmasterol) has made them attractive intermediates for the partial synthesis of 

analogues possessing a mcdified side chain, 8 and these analogues can be converted to vitamin D- 

type seco-steroids. 9 
The more direct synthetic strategy we have adopted follows the lead of Hes- 

se's group in taking the readily available vitamin D2 (5) as starting material, lo and we have 

already briefly reported cm our use of this approach in the edification of the vitamin D2 side 

chain via reductive alkylation of a versatile seleno-acetal intennediate.'l - Wa ncwrepmt re- 

lated work based on Wittig methcdolcgy, which similarly involves a convenient, late-stage, ver- 

satile intermediate for the synthesis of new lcrhydroxylated vitamin D analogues. 

The reactions taking vitamin D2 (5) to the le-hyd.roxylated (5E)-vitamin D2 derivative 9 were car- 

ried out essentially as described by Hesse's group, 
12 with certain practical ncdifications. Thus, 

vitamin D2 was converted to its 902-adducts using thevery convenient procedure used by Takayatna’s 

grouPI 
13 in which the vitamin is sinply dissolved in liquid sulphur dioxide, and the excess sol- 

vent is removed after allming to react for 30 min at its boiling point. The ~a. 1:l mixture of 

vitamin D2 .S02-adducts 
13a (6) obtained by this method as a foam was directly silylated, and each 

of the crystalline tert-butyldimathylsilyl ('IBLMiJ ethers (7a, b) was isolated and is characterized 

here for the first tine. Cheletrcpic extrusion of SO2 in refluxing ethanol containing suspended 

NaHco3 converted either isamar to the sama (5EJ-vitamin derivative 8, which was submitted as a 

crude oil directly to a selenite mediated allylic hydroxylation reaction under the conditions de- 

veloped by Hesse's group. These conditions allow selective introduction of a la-hydroxyl group 

into the (SE)-vitamin D system in z. 5O-60% yields, the major identified by-product being the lp- 

hydroxylated carp~uml.~~ In our ham%, the ratio of la-(9) to lp-(10) hydroxylated products was 

found to be ~a. 6:l by HPLC analysis of the reaction mixture (this ratio being constant during the 

reaction course), but we have fourd that the undesired isaner is readily separated after a deriva- 

tisation step. Thus, silylation of Ibe crude hydroxylation prcducts and purification involving a 

I 

6 (VITAMIN ~2) 
8b (~E),x=H 

11 Ra=GSiMe2Buf,RP=H 

12 R" = H, Rp = OSi&,But 

a ~0~ (liguid, reflux); b f-BuMe2SiC1, tidazole (DMF, 20 'Cl; c MiCO3 (RKK reflM; 

fl seo2, _N-mthylmrpAmline E-oxide (~-cH2C12, reflux). 
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rapid filtration through silica gel and crystallisation gave the pure bism ether (111, leav- 

ing the corresponding oily lb-isaner (12) to be isolated fran the nuther liquor by careful chro- 

mtography. The overall yield of the intexnediate (11) fran vitamin D2 was 35%. 

Protection of the conjugated trim system as a dienophile adduct is required to allar selective 
22 ozomlysis of A in vitamin D2,10 and this is also the case with the derivatised le-hydroxy- 

(5g)-vitamin (11). tius, treatrrent of 11 (in diethyl ether as a co-solvent) with liguid sulphur 

dioxide gave quantitatively a crystalline mixture of s02-adducts (13). In this case the ratio of 

adductswas found to be=. 3:l. Takayama's group reported13b the positions of the C-18 Ii3 

singlet in the 'H-t+m spectra of vitamin D (6l~l amd (6s) S02-adducts of kncm configuration, and 

these fall into mutually exclusive ranges[v&.(6E), d ~a. 0.55; (6S), 6 0.65-0.70]. These 

ranges are not exceeded in the l-substituted amlcgues of the present work, nor indeed in a varie- 

ty of other analogues (unpublished data), and therefore the assigmants of configuration at C-6 

in the major isamar, 13f1 (62; 6 0.661, and the minor isamsr, 13b (6E; 6 0.57), are msde on this 

basis. 'D-E mixture of adducts 13 was conveniently used directly in the subsequent steps, but for 

ease of characterisation the major (less polar) isamar 13a was separated by chranatcgraphy. Ozo- 

holysis of this canpound gave the aldehyde 14a (El%), from which thermal cheletropic extrusion of 

So2 in the presence of NaHco3 gave the key intermdiate 15, the same product obtained in the minor 

series fran 13b via 14b. 

11 13a (6s) 14a (62) 15 (205) 

13b (6IJ) Mb (6IJ) 16 (2OE) 

a So2 03t20, -10 "Cl; b i. 03; - ii. PPh3 (CX2C12- MeoH, -70 to 0 "Cl; c NaH0D3 (DtcH, reflux). 

The slightly less polar C-20 epimr 15 was an unavoidable by-product of these reactions, and con- 

trol of the reaction conditions was necessary to obtain high yields of 15. It was established 

that progressive epimsrisation at C-20 occurred under the mildly basic conditions necessary 
14 

to 

stabilise the acid-sensitive conjugated triene system of the product in the s02-extrusion reac- 

tion.15 The extent of epimarisation de-& on the solvent: reactions in refluxihg methanol 

rapidly gave a ~a. 1:l mixture of 15 and 16 (together with considerable degradation), while the 

proportion of 16 was reduced to ~a. 6% (HPLC control) (and degradation was negligible) in re 

fluxing ethanol. I+mever, if the latter reactions ware prolonged over the W-90 min required for 

essentially ca@ete cohsqtion of starting mterials 14, serious epimerisatioa ensued (z. 50% 

at 5 h). 'IYE use of +Aanol (at 8O'C) instead of ethanol gave a similar initial proportion of 

epimer (5%) but an increased stability to extehded reaction times. &~theotherhamd,theuseof 

~,l&dimathylfonnamide (at EO'C) as solvent gave a slightly higher initial proportion of epimsr. 

AS inplied above, the undesired (2cW__) aldeh@e (161 could be removed by chranatcgraphy for the 

characterisation of the pure CZaS_1 isaner (151. Houaver, it was found expedient to defer sepa- 

ration of the by-product series until after the next step, since the crude prcduct obtained con- 

veniently andwithoutmaterial loss frm the reaction nmin ethanol as described above crystal- 
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lised directly in a form hich contained ~a. 90% of 15 and could be stored for considerable 

periods. 16 Treatmant of this product with about a mlar excess of cyclopropylcarbonyl.mthylene- 

triphenylphosphorane (I,readily obtained fran cycloprcpyl methyl ketone; see E+ari.mhtal) in di- 

mathyl sulphoxide at 105'C for 4 h led to the isolation of the pure enone (17) in overall 60-63% 

yields fran14e or themixture 14a/l&. The (20s) epimer (18) was also isolated (4%) and charac- 

terised. The proportion of "mix-al" ahd Qnnatural" C-20 epimars in the starting material for 

the Wittig reaction was found to be equal to that in the product and also to rsmain constant over 

the reaction period (HPIL control). CMY products containing the (E)-configurated A2’ wre ob- 

tained fran these reactions (lH-tMR analysis: g22 23 ~a. 16 Hz). 
17 

, 

15 (202) 

16 (20F3 

IMSO, 105 OC 

17 (203 

18 (202) 

The next step in the synthesis required a selective 1,2-reduction of the conjugated carbonyl group 

of 17. To facilitate the identification of possible products of over-reduction in this reaction 

amd (not least) to allaw the synthesis of the side chain saturated target compound corresponding 

to 4, the enone 17 was converted to the saturated ketone 19, by reduction with Na2S204 under 

\ ’ 

+I Yl sio“” OS)+ 

17 

I a 
C 

!? 
c 

OH 

21 (less polar is-) 

22 (more polar i-1 

\ ’ 

+I ‘01 \ ’ 

sio“” OS/i+ 
+; 

Yl SiO 0" C++ 

19 20 

m2s204 t ~co3, (C10H21)3NMe+ Cl- (PhH-H20, reflux); 

NaM4 (TIiP-MeoH, 5 "Cl; 

N?mi4, CeC13.6H20 (TIiP-MeOH, 5 "Cl. 

phase transfer conditions.18 Further reduction of 19 with 

NaBH4 intetrahydrofuran-methanol then gave a mixture of 

alcohols (201, which was not resolvable on analytical HPLC. 19 

Reduction of the enone (17) under similar conditions gave a 

TIC-resolvable mixture of the two C-24 epimaric allylic 

alcohols (21and 22), together with - 20, which ran on TIC 

with the less polar isaaer (21), but was resolvable on analy- 

tical HPIC (ratio:- 20, 13 : 21, 48 : 22, 39). Perfoming 
this reaction in the presence of an equivalent amount of 

cccl -6~ 020 
3 2 reduced the proportion of side chain saturated 
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alcohols (20) to s. 1% of the mixture, and this modification was used preparatively. Isola- 

tion of practically pure samples of 21 and 22 was achieved after chranatcqraphy and recrystallisa- 

tion. Ihe integrity of the (El-configuration of A2’ in 21 and 22 was confirmad by their recon- 
versions to 17 by MnC2 oxidation in dichloranathane. The configurations at C-24 were assigned on 

the basis of the results of epoxidation reactions of the side chain allylic alcohol miety under 

Sharpless' "kinetic resolution" conditions. 21 

Sharpless' group has demonstrated 22 that for chiral secondary allylic alcohols,23 the Katsukiahd 

Sharpless 24 chiral oxidatim system derived fran a (+I-tartrate ester reacts faster with the 5 en- 

anti-r* than with the g emhtianer (and vice versa), -- the faster reactions proceeding with high 

anti selectivity and the slcaear reactions proceeding with poor selectivity. These results reflect 

the cunbined effects of an enantiofacial discrimination of the (+)- or c-l-reagent on the one hand, 

and an anti selectivity for both on the other hand, which effects can either be consonant or disso- 

nant. Thus, one of the enantianars of the allylic alcchol was selectively removed from a mixture 

(the racsmate) by allming the reaction to proceed to the desired conversion. 22 

It was hopad that the diastereoisamaric allylic alcohols (a and 22) could be regioselectively 

epoxidised under similar conditions and moreover that they would exhibit sufficiently different 

reaction rates to enable a clear carparison with Sharpless' exparimants, and this proved to be the 

case. Thus, treatment of 21 and 22 with a deficiency (~a. 0.9 molar equiv.) of t-BUOOH in the pre- 

sence of Ti(OP&14 (1.2 eguiv.) and optically active diethyl tartrate (DEI') (1.5 equiv.) in dichlo- 

ranethane at -2O'C resulted in clean partial conversion to tm different pairs of more polar pro- 

ducts. These four products each gave the IN-spectnnn characteristic of the S(E)-vitamin D conju- 

gated trim system and (distinguishable) high field lH- and l3 C-W spa&i-a consistent with the 

gross epoxy-alcohol structures 23 to 26. The reaction courses of ccqerative exparimnts on 

mixtures of 21 and 22 with the (+)- or (-l-DEI reagent ware followed over several days by HFW 

a t_BuotI, Ti(OF'ri)4, diethyl tartrate (CX2C12, -20 "Cl. 

l Assignment of oxfiguration here assums the alkmyl group to have a higher priority 
than the (cycle-1 alkyl suhstituent of the carbind, as is the case for 21 and 22. 
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and shclwed (see Experimntal) that: (i) the (-)-DEl' system reacted considerably faster with 21 

than with 22; (ii) the (+)-DEF system reacted considerably faster with 22 than with 21. E'ran these 

&servations, 21 is assigned the (24E) configuration and 22 the (24s) configuration by juxtaposi- 

tion with Sharpless' results. mrthermre, in close correspcmdanos with the Mel (see Note 231: 

(iii) the relatively fast reaction of 21 (with (-l-DET) gave almst exclusively (96:4) one of the 

ti possible isansrs, which is thus assigned the anti stereochemistry, 23, while the slouar reac- 

tion of 21 (with (+)-DFT) gave a ~a. 1:2 mixture of 23 and 246 and (iv) the relatively fast reac- 

tion of 22 (with (+)-DIR') gave almost exclusively (98:2) one of the two other possible isuaars, 

also assigned the anti sterecchmistry, 25, while the sl- reaction of 22 (with (-)-DE71 gave 

a g. 1:l mixture of 25 ahd 26.25 (All these ratios were approximately constant over the cb- 

served reaction paricdl. 

It was therefore assmed 21 that the intexmzdiate 22 muld lead to the target canpound having the 

required projection of the 24-hydroxyl group, as represented in 1,24(E)-(CH12-D2 (31r26 and this 

was supported by the observed greater biological activity of the target mund (41derived frcm22 

than of that (291 derived fran 21. Thus, clean photoisumarisation 27 in toluene (using anthracene 

as triplet-sensitiser) of 21 and 22 to the oily (5z)-vitamin derivatives 27 and 28, respectively, 

followed by rmuval of the alcohol protective groups with tetrabutylansonim fluoride in tetra- 

hydrofuran canpleted the syntheses of the crystalline lo!,24_dihydroxyvitamin D analcgues 29 and 4. 

OH OH 

21 (24R) 27 (24R) 29 (24Rl 

22 (2451 28 (24s) 4 (245) 

a Anthracene-hv (toluene, 20 "Cl; b IJ-Bu~N+ F- (mt 60 “C). - 

Ccnpouna 4 (which has been given our canpany axle M3 903) mdiates effects on cell proliferation 

and differentiation cmparable to those of 1.25-(CH)2-D3 (2),28 while 29 is at least 10 timas less 

active.2g In viva studies in rats show that 4 is 100-200 times less potent than l,25-(OH)2-D3 in 

its effects on calcium metabolism. The details of the biological testing will be published else 

where.28 M3 903 is currently undergoing clinical trials in the therapy of psoriasis. 

EXPERIMENTAL 



Synthesis of MC 903 

3,~~-~tert-8utyld~methyls,ly,~~y,-Y,lO-s~~~-~~g~st~-5,7~~,,lO~lV~,22,~I-tetraene ,651 Iti1 and (6111 ID) SO,- 

adducts. “~tam,” D2 (12.5 g, 31.5 mm011 was dissolved I” llquld SO2 (50 ml,. The solut,on was stirred I;r.der 

reflux for 30 ml”. and the residue was dried ln vacua to give a mixture of the _- 

knovr.lh 

The SO2 was dlstllled off, 

“ltdmyl D2 ,621 ard ,6fjl sO2- adducts ,CI as a foam. Th,s was dlssalved I” DW ,100 ml,, and lm,dazole 

(4.5 g. 66 mmol) and TBDMS chlor,de (5.0 g, 33 mm,,, were added. The m,xture was stIrred at 20°C for 90 ml” 

and then partitioned between EtOAc ,500 ml) and water ,200 ml). The organic layer was washed twice with water 

and br1r.e. dr.ed and cancentrated to give a crude product which was separated by chromatography 00% ether I” 

petrolc,n ether as cluant) to gl”e the ,65)2-adduct _ Cl.?). less polar ,somer, as r.eedles (9.4 g, 528,. m.p. 

ill-llSDC dec. (from CH2C12-EtOH, (Found: C, 70.96, H, 10.15, S. 5.54. Cj4H5*03SSL reguxres C, 71.02, H, 10.17, 

S, 5.58%); d 0.06 I6 H, s,, 0.67 (3 H, s), 0.88 (9 H, s), 1.03 13 H. d, :! 71, 3.64 (2 H. broad s), 4.0 I1 H, ml. 

4.4-4.8 (2 H, 2 oroad d, J 10) and 5.2 (2 H, ml, 5,~ 510 In+ - S02, 401, 495 (21, 453 110). 3E5 (31, 378 181. 

253 (26). 251 ,121, 193 1501, 119 ,loOl. and 110 14681, and the 16R)2-adduct (72). more polar 1S0mer, as 

needles (7.7 g, 423,. m.p. 121-122’C dec. (from CH2C12-EtOHj (Pound: C, 70.99, H. 10.20, S, 5.52. CJ4H5S03SS1 

regulres C, 71.02, H, 10.17, S, 5.58%)~ 6 0.06 ,6 H, s), 0.58 0 H. 51, 0.88 (9 H, 51, 1.03 0 H, d, J 7). 3.65 

(2 H, broad 5). 3.95 (1 H. ml, 4.5-4.9 (2 H. 2 broad d, J IO). and 5.2 I2 H. m); m/l 510 CM+ - So2) and 119. 

ll~l,3,~l-s~s,tert-butyldImcthyls~lyloxy)-9.1~,7,~~.l01l9l.22l~~-tetraene ,J_l) ar.d llR183,Bl- 

~~s,tert-butyld,methylsllyloxy~-l.lO-seco-ergosta-5,El.7lE1,l0,l9l,22,El-tetraene 1121. The (6s) ,-&I or ,651 

(Lb, S02-adduct, or a m,xture of these, (16.4 g. 28.5 mmolj was suspended in 96% ethanol ,250 ml) and sodium 

nydrogen carbonate (20 g, .,a5 added. The stirred m,xture was hcatcd under reflrx for 90 men, cooled, part,- 

ally concentrated 1” “F.C”O, _- and partltloncd between ethyl acetate and water. The organic layer was washed 

consecat~vely vlth water and brirx. dried and concentrated to give the known 
12 

,S_EI-v,tam,n X2 TBDMS rther 

(1, as an 011. This was dissolved in a sol,tlan of N-merhylmorphol~ne N-oxide 1” CH2C12, vhlch had beer. prc- 

parod by drying (30 mln over ngSo41 a solat~cn contalnlng N-mcthylmorphal~ne N-oxide monohydratc ,I6 g. 119 

nm,ol~ ,n CH2C12 ,160 ml, and fllterlng. The stirred solution was heated under reflux. and d Solution Of scle- 

nlum dioxide 0.0 g. 27 mmol, 1” methanol 1160 ml, was added rapidly. Heating under rcflux was continued for 

50 ml” before the reactlO,, mixture was cooled, diluted with more dlchloromethane, washed consecutively with 

water and brine, drlcd and concentrated to gl”e a mixture of the known12 (lz,- ,e, and IlRl- ,@ hydroxy-5lEl- 

vl:amlr. D2 TB”MS ethers as a” orarge foam of silfflclent purity for “SC I” the next stage. Rnalytlcal HPLC 

(1% EtOAz in iexane as cluanri detector wavelength 270 nm) showed the product to contaln~. TR 9.5 ml”. and 

llO,TR 7.2 ml”. I” a 6:i proporr~on. The prodact was dissolved lr. DMF I80 ml), and lmldazole (4.3 g, 63 mm011 

and TBDHS chloride (5.1 g, 34 mmoll were added. The mixture was stIrred at 2O’C for 90 ml” and then partl- 

tloned between EtOAc ,450 ml) and water (200 “11. The EtOAc layer was wasned twlcc WI-~ water and brine, drlcd 

and conccctratcd to give a crystailine solid which was purlfled by flltratlon through slllca gel I200 gl IClU- 

tlng wick 1% ether 1” petroleum ether) followed by rccrystalllsat~on from Et20-EtOH to give the ,lSl-bls-XWMS 

ether ,lJl, less polar ,so*er, as needles (5.7 gl, m.p. l13-l14°C (Found: C, 75.C4i H, 11.33, C40H7202S12 TP- 

gulres C, 74.93; H, 11.32$1~ Am,, 270 nm ,c 259001, 6 0.07 (12 1,. s), 0.57 0 H, s.1, 0.88 (9 E, 51, 0.91 (9 H, 

51, 1.03 ,3 H, d. J 7). 4.22 (1 H, II), 4.54 I1 H. dd, 2 5 and 9). 4.97 I2 H. ml. 5.20 (2 H. ml. 5.82 ,I “, d. 

2 11). and 6.47 I1 H, d, J 111; z/z 640 ,H*, 12:. 625 (2). 583 (5). 515 (21. 508 (491, 451 (6). 383 ,101. 379 

151, 355 0). and 248 llC0\1. The mother liquor from the recrystalllsatlon of Q was concentrated and purlfled 

by chromatography (18 ether in petroleum ether as eluantl to give the ,le)-isomer IQ1 (1.7 g. 7%) as an 011, 

foam, Amax 267 nm ,C 22000); 6 0.08 ,I2 H, 51, 0.59 I3 H. s), 0.90 and 0.93 (each 9 H, 51, 1.03 0 I(, d. J 7:, 

3.68 and 4.05 (each 1 H. n). 5.04 and 5.20 leach 2 H. ml, 5.84 and 6.52 (each 1 H. d, J 11); m/z 640 (~‘1 

and 248, and an addltlonal 1.2 g (after recrystallisatlon, as above1 11 (total ylcld 6.8 g, 37% from 3.1. 

1lS~.3,Rl-B~sltert-butyldimethyls~iyloxy~-9,lO-seco-ergosta-5,7,E~,lo,l9~,22,Sl-t~t~~~~~ (6s) (lk) and (6R) 

-2 
,l3bl SO -adducts. The bus-TBDMS ether ,” (4.0 g, 6.2 mmoll was dissolved 1” Et20 (10 ml, and llquld SO2 

(50 “11 ar.d the mlxtgle was stlrred under reflux for 30 ~1”. The SO2 and ether were d,stl,,ed off, and the 

resldce was dried in “ac~lc to give vhlte needles 14.4 g, 100%). showing zwo spots O” TLC (10% St20 in pctro- 

1-l;” ether as eluantl corresponding t0 12 1% s. 0.25) and z (Rf cd. 0.1: (Found: c, 67.97, H. 10.26, 

5. 4.37. C40H7204S S12 requrres c, 68.12; H. 10.29; S. 4.55%:;0 0.57 and 0.66 (2 SI relative helghes. 1:3.3). 

S@ParatlOn by chromatography (elutlng with 20% Et20 I” petroleum ether) gave the ,6S, SO,-adduct (@.: as 
needles. m.P. :07-1DV’C dec. (Cram Et20+W (Found: C, 67.89, H, 10.24 I S. 4.35. C40H7204S S12 requ,res C, 68.12; 

H, 10.29, 1, 4.55%); Ynax ~CllCl,l 1310 and 1160 cm 
-1 i h 0.06 I12 H. br 51, 0.66 (3 H, s), 0.87 (9 H. 51, 0.89 

IV !I, SI, 1.02 (3 R, d. J 7,. 3.45-4.1 I2 Ii, br RBq. J 161. 4.20 I1 H. ml, 4.35 I1 H, n), 4.67 I2 H, ml, and 

5.19 (2 H, rn), and the l~._S~2-adduct il3b , as an oil, vmax ,C”c13: 1310 and ,160 cm-l; d 0.06 I12 H, z,r s), 

0.57 (3 i(, 5,. 0.87 and 0.89 (each 9 H. ~1, 1.02 0 H, d, .I 7,. 3.45-4.1 (2 H, br A%,, J 16,. 4.15 ,I H, m,, 

4.4 (1 H, ml. 4.5-4.95 (2 H. 2 br d, J lo,. 

l,Sl.3,RI-Bls,tert-butyld~mefhyls~lyloxyl-20lS~-f~~myl-V,lO-secapregn~-5,7,E~,lollVl-t~~~~~ ,6Sl s02-~uct I&l. 

Tne ,651 S02-adduct ,)a, (4.4 g, 6.2 mm011 was dissolved I” CH2C12 ,120 ml) and MAO” (40 mll. The stirred 

Solution was cooled t0 -65’C and treated v,th ozonlsed oxygen until TLC showed essent,ally complete consump- 

tl0” Of starting material ,E. 40 rn,“,. The solution was then purged with N2,and PPh3 (2.5 g, 9.5 mmol, was 

added. After warmxng slowly t0 0-c. the react10” mixture was diluted with mare CH2C12, washed consecutively 

with 5% NaHCO, solution. water, and br,ne, and dried and cdncentrated. The residue was purlfled by chcomato- 

graphy 00% ether I” petroleum ether as eluant) to give the aldehyde (12) as needles 0.2 g, 818). m.p. 
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122-124’c dec.(Found: C, 64.33, H, 9.59; S. 4.87. Cj4H6005S Si2 requires C. 
-1 

61.10, H, 9.49, S. 5.03%); wmaX 

(CHC13) 1720, 1310 and 1160 cm , 6 0.06 (12 H, br 51, 0.70 (3 H, s,, 0.87 and 0.88 (18 H, 2 SJ, 1.13 0 H, 

d. J 7). 3.45-4.1 (2 H, br AS q, J 16). 4.20 [l H, m), 4.35 (1 H, m,, 4.70 I2 H, “1, and 9.58 I1 H, d. J 3). 

[KS. The use of the ,651 S02-adduct (z: as startxng material in this preparat~a” gives the aldehyde (1_4&1. 

more polar 1some=, I” the same yxld, as a” 011: rmax lCHCl3) 1720, 1310 and 1160 Cc 
-i 

3 6 0.07 (12 H, br 91, 

0.61 (3 H, s), 0.88 ar.d 0.89 IlE H, 2 sl, 1.14 I3 H, d, J 71. 3.45-4.1 (2 H, br AS g, J 16). 4.15 (1 Ii. m). 

4.4 [I n, m), 4.5-4.95 (2 H. 2 br d, J 10). and 9.57 I1 H, d. J 3J 1 
1,S~,318~-Bis-(tert-butyld~methyls~lyloxyJ-2O(S~-fo=myl-9,lO-secop=egn~-5(El,7~El,10~19~-tr~e”e Iul. The 

aldehydes I@1 (14.3 g, 22 mmoll were suspended 1” ethanol I300 ml) and NaHC03 (14 g) added. The stirred 

mixture was heated ,nde= refluw fo= 90 ml”, cooled. partially concentrated in vacua, and partItioned be- 

tween EtOAc ,350 ml B and water (200 all. The o=gar.lc layer was washed with water and brine. dried, and con- 

cenrrated to give a crystalline product (12.6 g, which was used as such I” the next step. Rnalyt~cal HPLC 

(1% EtOAc I” ‘lexanes as eluant, detector wavelengrh 270 nml shoved the product to contal” the aldehyde ,,2, 

(90%). TS 4.8 min. and its (2OR) epimer ,121 (5%). TR 4.1 ml”, and these we=e separated from a sample by 

chromatography (5% Et20 in petroleum ether as eluart): 12, needles, m.p. l13-115°C (from EtOH) Ifound: 

C, 71.16, H, 10.54. C34H6003 S12 requires C, 71.27, H, 10.55PlI km,, 270 nm C Z 26700,, “maX (CHC,,, 1720 cm -1s 

6 0.08 (12 H, s.1, 0.61 (3 H, 91, 0.88 and 0.92 I18 H, 2 51, 1.16 (3 H, d, J 7 Hz), 4.20 (1 H. ml. 4.50 ,I H. 

ml. 4.98 I2 H, ml, 5.85 (1 H, d, J 11 HZ), 6.46 (1 H, d. J 11 HZ), and 9.60 I1 H, d, .j 3 “=.)I E/Z 572 (H+, 

211, 558 (41, 515 ,141, 440 (80). 383 1261, 379 (71, 355 01, and 248 (100%). 12: 6 0.06 (12 H, s), 0.55 (3 H. 

51, 0.86 and 0.90 [each 9 H, 51, 1.05 (3 H, d, :! 7). 4.21 (1 H, ml, 4.5 (1 H, ml, 4.95 (2 H, ml, 5.82 and 

6.44 (each 1 H, d, J 111, and 9.55 (1 H, d, J 5,; m/+ 572 (Et) and 248. 

Cycl~p=opylc~=b~“ylm~thyl~“~t=iph~”ylpb~sph~=~”~ (_!_I. 

A. B=omoacetvlcyclop=opane. TO a stirred, rce-cooled solution of cyclopropyl methyl ketone (21 g, 0.25 mall 

1” methanol ,150 ml) was added bromine (40 g, 0.25 mall. The reactlo” was allowed to proceed (decolcu-lsat~“) be- 

low lo”c. StIrring was the” continued at =oom temperature far 30 rrln before wate= (75 ml) was added. After a 

further 15 mi” the m~.xt’~=e was dlllited with water ,225 ml) and extracted four times with Et20. The ether ex- 

t=acts we=e washed with lo\ Na2C03 solution, water, brine. and dried. After removing the solvent 1” vacua, the 

resldre was d,stllled to gl”e bromoacetylcyclopropane (35.5 g. 87%). b.p. 71-73’C/l3 mmHg, h 0.9-1.3 (4 H, m,, 

2.05-2.35 (1 H, m:. and 4.02 (2 H, 5). 

8. Cy~l~p=~pylc~=b~“ylmethylt=~phenylphosDho~~um bronlde. Bromoacetylcyc1opropar.e (27.1 g, 0.17 mol, and t=l- 

phenylphosphine (43.5 g, 0.17 mol) were mnlxed end allowed to react spontaneously (exothermlc =eactlo”I. The 

resulting solid cake was dissolved 1” CH2C12 ,200 ml) (with warming) and treated with Et20 ,300 ml1 to pre- 

clpltate the phosphorlum bromide as colourless needles (59.1 g, 84)). m.p. 214-215°C (Found: C, 64.Q H, 5.26. 

C23H2208=P reqrlres C, 64.951 H, 5.21$1, e 1.02 (4 H, m,, 2.75 (1 H, m,, 5.89 (2 H, d, J 12,. and 7.45-8.0 

(15 H, m,. 

c. Cyclop=opylca=bo”ylmerhylenet=~p~e”ylphospho=a”e [II. The phosphonlum bromide from S (67 g, 158 mm011 was 

dissolved r” CH2C12 (900 ml), and the solur~o” was extracted with sodium hydroxide solution (2 g, 900 ml). The 

arganlc layer was washed vlrh brine, dried and concentrated ,n vacua to give a prodact which was purlfled by -- 

rec=ystall~sat~on from dlchloromethane-acetone to gl”e the pbosp!?o=a”e II, .,s needles (46.6 g, 86%). m.p. 

181-182°C [Found: c, 79.99, H, 6.24~ C23H210 P requires c, 80.22r H, 6.15%lr 6 0.60 (2 H, ml, 0.85 (2 H, ml, 

1.75 (1 H, ml, 3.77 (1 H, br d, J 261 and 7.1-7.8 115 H. ml. 

LO(R) (171 and 20,s) (1811 l(s),3lR)-B~s,tert-butyldinethyls~lyloxy~-2O-,3’-cyclop=opyl-3’-OXyP=OP-l’,~~- 

e”yl)-9.10-secop=eg”e-5,E).7(E~,10(l9)-t=lene. R stirred solut~o” of the aldehyde mxxtu=e 12/12 110.5 g) 

from the So2-extrus1o” step and the phosphorane & (15 g, 44 mn101) 1” drmethyl sulphoxide (60 ml1 was heated 

at 105’C for 4 h. After cooling, the reactlo” solutlo” was partitioned between EtOAc (250 nil and wate= 

,200 “11. The ethyl acetate layer was washed twice vrth “ate= and brine, drred, ar.d concentrated 1” VdCUO 

to give a residue which was purlfled by chromatography (10% ether I” petroleum ether as elxantl and recry- 

stall~satlon to give the HO enone ,121, more polar isomer, as needles, m.p. 123-124°C (from Et20-MeOH 

(7.51 g. 639 fran 141 [found: C, 73.24; H. 10.48. C3g 66 3 2 H 0 Si requires C, 73.29) H, 10.41%1; A_ 230 and 270 IZ 21200 and 

268001i Y_ 1687, 1668 and 1626 cm’; 6 0.06 (12 H, 91, 0.59 0 H, 91, 0.87 and 0.90 (ea& 9 H. 91, 1.13 (3 H, d. J 71, 4.2 

(1 H, m), 4.5 (1 H, m), 4.96 I2 H, ml, 5.8 (1 H, d. J_ 11 HZ), 6.14 ,I H. d, 2 16 Hz), 6.45 (1 H, d. J 11 “2). 

and 6.78 (1 H, dd, J 9 and 16 Hz), 5,~ 638 (fi+. 10). 623 ,2), 581 ,7), 506 ,541, 449 18). 383 (6). 379 (10). 

355 (2). and 248 ,,OO$). The mother liquor was concentrated and rechromatographed and the fraCtlo”S CO”- 

talnlng the less polar ~some= combined with those from the fI=st column to give the 20,s) enone (l_S) (0.45 g, 

4% from ,A,, needles, m.p. 97-99Oc (from ~t~o-neo”, (Found: C, 73.26, H, 10.38. 

c. 73.29, H, 10.4181, A,,, 

c39”6603”i2_~f”“~‘~~~6 , 12 
230 and 269 “m t 6 20500 and 264001; ymax 1686, 1667 and 1625 cm 

H. 51, 0.52 (3 H, s), 0.87 and 0.90 (each 9 H, sI, 1.03 (3 H, d, J 7:. 4.2 [l H, m). 4.5 (1 H. m). 4.96 

12 H. ml. 5.80 ,I H, d, J_ II), 6.14 I1 H, d.J 161. 6.45 [l H, d. 1 11, and 6.81 ,I H, dd, J 9 and 16); 

m/r 638 I!+1 and 248. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

t=.ene (19,. _- A m1xtu=e of tne cnone (L7’ ,200 mg, 0.3 nmk-11, N.?.“C03 10.5 gl. sodium dlthlonite ,Xe2S2041 

(0.5 gl, and mcthylt=~decylammo”,“m chloride (0.05 g) 1” benzene (10 ali and wz.te= (10 ml, was st,==ed “I- 

qorously under reflux for 90 cl”. After coo11ng. the =ez.ct~o” mixture was pa=t,t,o”ed between Et20 and water, 

and the organic layer was washed with wate=, dried and concentrated 1” “acuo. The residue was purified by -- 

chromatography [srllca gel, 30 g , 56 Et20 ,” petroleum ether, to give rhe kerone (12, (144 mg, 729, as 

colourless plates, m.p. 93-94-C (from ether-methanol1 (Found: C, 73.07, H, 10.70, CjgH6,,03 S12 =eq”l=es 

C, 73.06, H, 10.69\,1 “max (KS=) 1700 cm -Ii 0 0.06 (12 H, s), 0.55 (3 H, s), 0.87 and 0.90 [each 9 H, s), 

4.2 (1 H. ml, 4.5 [I H, m), 4.96 (2 H, m). 5.82 I1 H. d, L 11, and 6.45 (1 H, d, J 1111 m/z 640 In’, 7,. 

625 (21, 583 13,, 508 (36). 451 (61, 383 13). 379 15:. 355 0,. and 248 (lOO\,; Amax 270 nm ,t 249001. 
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1IS,.3lH,-8~s(tert-butYld~methylsllyloxy,-2O(Rl-l3’~-cyclopropyl-3’-hydroxypropyl,-9,lO-~ecop=egn~-Sl~,,7(~l~- 

10(19,-tr,e”e (201. A” Ice-cooled. stirred solution of the ketone (191 (225 mg, 0.35 mm011 I” tecrahydrofura” 

(3 ml1 was diluted with methanol (8 ml1 and treated with NaBH4 (140 mg, portionwlse over 5 ml”. After a 

f,xrther 10 ml”, the reaction mixture was partItIoned between ethyl acetate ( 30 ml1 and water t 30 ml), 

and the orqan~c layer was washed w,th water, dried, and concentrated in vacua to give the side chain satilrated -__ 

am> (?_ol as a gum (0.22 g, 99%); A, 270 =,I,; 60.06 (12 H. 5). 0.15-0.65 (4 H, ml, 0.55 (3 H, s). 0.86 ard 0.90 (each 

9 H, 51, 4.2 (1 R, “I. 4.55 (1 H, ml, 4.96 (2 H, ml, 5.81 (1 H, d. J- 11.5, and 6.46 (1 H, d. J 11.51; 

6_ 175.5 MHZ, -5.1 and -4.9 ,SlcH3’s); 2.0, 2.3, 2.5 and 2.7 (C-26,27); 11.9 ,c-l8r; 17.8, 17.9 and 18.1 

(f-25 and SIC(CH~I~’ s,; 18.6 and 18.7 (c-21,; 22.1 (C-Ill, 23.4 (r-15,~ 25.7 lCH(~H313’s,i 27.5 (C-161, 

28.8 lc-91; 31.5 and 31.6 (g-23,$ 33.5 and 33.7 (c-221? 35.8 and 36.0 (c-2011 36.4 (C-41, 40.4 (C_-121. 

43.8 Cc-2,. 45.7 cc-l,I, 56.3 (~-171. 56.3 (c-141, 67.1 CC_-,,, 70.1 (C-1:. 77.0 end 77.2 (C-241, !06.4 

(~-191, 116.3 (C-71, 121.6 (C-6,. 135.2 (c-51, 143.1 CC_-81 and 153.5 Cc-10,. (See Note 19.1 

3’(R) (21, and 3’(S) (221 l(Sl,3lR~-Bisltert-b~tyld~methylsllyloxyl-2O(Rl-l3’-cyclop=opyl-3’-hyd=oxyp=op- 

1’~E,-cnyl,-9.10-secopregna-5~E,,7lE,,lO(l9l-tr~cne. in Ice-cooled, stirred sol~txo” of the enonc (lJ1 14.31 g, 

6.74 mmoll ,n tecrahydrofuran (8 ml: was diluted vlth 0.4 E CeC13.6M20 I” methanol (,8m,, and further w~tn 

methanol c 9 al I, and treated with sodldm borohydrlde 10.50 gl. portlonwlse over 5 min. After a further 10 ml”, 

rhe reactlox mixture was partltloned betveen EtORc 1250 ml) and water ( 200 ml1 and ths or9a”lc layer was 

washed with water ( 100 ml). dried, and concentrated I” vacua. _- HPLC analysis luslng 48 E’.OAC I” tlexanes a* 

eluant; detector wavelength 270 “c, shoved the product to be a m~xturo of the allyl~c alcohols l2,!’ and 1221 

and the side ctax” saturated alconols (22, descrxbed above (TR cd. 10, 12, and 6 ml”, respectlvelyl I” ttx? 

proportions 61:38:1 . PQrlfIcatlo” by chromatography (IO\ ethyl acetate ln petroleum ether as eluant, gave 

the 3’(B) allylx alco.iol (211, :ess polar isomer, (2.37 g. 55%) as needles. m.p. 117-l18DC (from petroleum 

ether-MeOHl (Found: C,72.73‘ H.10.74. Cj9H6S03 S12 requires: C. 73.06, H,l0.69\,; Am,, 270 CC 250001; 

6 0.06 (12 H, ~1, 0.15-0.65 (4 H, m), 0.57 (3 H, s), 0.87 and 0.90 (18 H, 2 s), 1.05 I3 11, d, J 7 HZ,. 3.45 

(I H, I,, 4.2 I1 Ii. ml. 4.55 (1 H, ml, 4.96 (2 H, ml, 5.51 I2 H. ml, 5.82 (1 H, d. J 11 Hz1 and 6.47 I1 H. d. 

.J :I Hz); E/Z 640 (!+, 61, 625 (I,, 623 (11, 583 (21. 508 (291, 493 II,, 490 121, 451 (31, 383 161. 379 (51, 

355 (21, and 248 l10081. and the 3’(S) allyllc alcohol (zl Il.42 g, 33 61 as needles, m.p. 122-123’C (from .-.__ 

petroleum eti~er-MeOH (found: C.72.22; H.lO.65. C3qH6803 S12 requires: C.73.06~ H, 10.698,z Amax 270 (f 241001: 

t 0.06 (12 H, s,, 0.15-0.65 (4 H, m), 0.57 (3 H, 9,. 0.87 and 0.90 (18 H, 2 51, 1.05 (3 H, d. J 7 Hz), 3.45 

(1 H, ml. 4.2 (1 H, ml. 4.55 (1 H, ml, 4.96 I2 H, ml, 5.47 I2 H. ml, 5.82 (1 H, d. J_ 11 Hz1 and 6.47 (1 H. 

d, _J 11 HZ); m/f 640 In+, and 248. 

Epoxidatlon of 21 and 22 under Sharpless’ klnetIc resolutlo” condltlons: rl’lR1,2’(R1.3’(Rl 1~1, 

1’lSI. 2’(21 ,3’(R) (241. l’(S,,2’(S1,3’(~, I=,, and l’(Rl.2’lRl ,3’(S) l26jl 1iSl,3(~l-(3’-cycloP=oPY1- 

1’,2’-epoxy-3’-hydroxyp=opyl1-9,10-secopregna-51E,,7(El,10~191-trle”e. PO”= parallel experiments were per- 

formed as follows:- T~10Pr’14 10.28 g, 1 ~“01. 1.2 eq., was velghed ~“to a dry flask uhxch was tne” sealed 

vlrh a septum cap. After establlsh,“g a” N2 atmosphere. the follow,ng lquids were l”3ccted sequentially 

at -2O’C:(il optrcally act:ve dlethyl ta=t=ate (DETI (0.25 g, 1.2 mrr;ol, 1.5 rg.1 IC CH2C12 I7 ml); (Ill a 

mixture (see t=O HPLC analysis below1 of 21 and 22 (0.52 g, 0.81 mmol, 1 eq., I” CH2C12 (3 ml), ill11 azeo- 

tnplcal ly dried22 r-euoos (1.6 ml, 0.45 5, 0.72 mmo,, 0.9 eq., I” (CH2C1,2, the latter being added after a 

15 ml” ,nterva,. The reactlor. so,ut,on was the” mal”ra,ned at CA. -20Fc‘ (I” a freezer, betvcen examl”atlo”sI. 

At Intervals, a” allqr;ot (20 ,,,) was wIthdraw” and quenched by part~t,on,ng brtwec” wate= (2 mIlti hcxa”~ (Imll at 

20DC, ard the hs;ane Fhase analysed directly by HPLC (4% Et@?c in he- as rluant; d&&o= 270 rml. Thp =e~UltS *=C as fO1l-: 

c. Vormallsed =at~os ($ ,$I of components 22-22 (the components being give” 1” that orde=I;TR: 21, 10; 22. I21 

22, 251 24, 31, 25. 231 @. 34 ml” (reactlo” t,me I” hours)] : Expt htl-DET] 48:52:0:0:0:0 IO; sCa=tl”g 

mixture,, 27:0:0:14: q :I (96,; Expt k+,-DE4 97:3:0:0:0:0 (01; 90:2:2:5:1:0 I41 I 66:0:9:22:3:0 (361; 

35:0:20: q :3:0 1120:. Expt [(-l-DE3 97:3:0:0:0:0 (0)‘ 49:3:46:2:0:0 (4,‘ 16:3:78:3:0:0 (361, 10:3: q : 
3:o:o (1201. m E-I-DET? 6:94:0:0:0:0 (011 0:31:6:0:32: 3 (721. Thus, Q 15 removed seleCtl”ely 

from either a 97~3 lExpt 3, E a 6:94 (Expt 4: m~xtrrre of 21 and 22, snovlng that (-I-DET reagent IPaCtS faster 

vlth 22 than wit!, 22. Slm~larly, 2_2 IS removed selec~lvely from a ~a. I:1 (Expt II [or a 97:3 (ExptZjl 

mxxture of $J and 22, showing rhe (+I-DET reagent reacts faster wxth 2,2 than with 2,. nfcer the last examz”s- 

tlo” the reactlo” mixture was quenched my part~tronlng between 5% NaHCO, solution C 20 ml P and EtOAc I 50 ml1 

at 20°C. The m~xcure was fIltered and the organic layer was washed with brine. dried and concentrated to 

glvc a residue which was purlfled by chromatography lsll~ca qel, lWg, 208 Stow I” petroleum ether as el~antl 

to give a” oily product [?3*L5, 137 nq / g, 147 “~3 / Q, 276 ng / 2,6, 85 nq, rnpen~vely from Opts l-41 co==csPo”dl”g 

to the liPLC peak(s) indicated above I” a box I” the fInal HPLC analysis. Th”S, the four cxpts gave each a 

d,ffere”t isomer. except for Expt 1 which gave a ~a. 1:7 mixt”=e of 22 and 22, since these verc not separable 

preparatively. The NMH data obtained (except for Expt 1, did not show any cross-co”tam,“at~o”. ?_)@/2>/*, 

L.x E 
270 rm; 6 (75.5 MHZ, common values t 0.1 p.p.m.: values outsldc this range are g,ven 2” the order 2-,-z 

unless orterwlse stated, -5.1 and -5.0 IS,~H3’sl; ,.5,1.5,1.3,2.0 (C-261, 2.4/2.3/2.0/2.3 (C-271i 12.0 I<-IRI; 

13.4 ‘22, 22:/‘4.4 (22, 22, IC-25,i 17.0 (23, c,,‘5.8 I?, 22, (E-2ili 17.9 and 18.0 l~H(CH313’s,i 22.2 CC-III; 

23.2 l~-15:1 25.7 (CH(<H313 ‘~1, 26.7 (&3, @I/26.1 (22, 2_51 fc-16L1 28.8 (C-9,; 36.4 cc-411 39.1 Cc, ~)/38.0 

124. 25, (C-20,, 40.2 (g-,2,, 43.8 (C-2,, 46.0 (c-131, 54.0 (23, 2_6),56.2 ‘22, 251 (C-17,; 55.8 (C-1411 59.9, 

59.2/58.1/61.4 Is-2318 62.1/61.4/59.4/63.0 (c-221, 67.0 (c-3,~ 70.1 (c-lli 73.6/75.4/72.8/74.7 (_C-241; 106.4 + 

0.2 (g-1911 116.5 (c-71, 121.4 (C-611 135.5 Ig-513 147.5 (s-811 153.4 (C-101. OH (300 H,,z, 2: 0.06 and 0.07 

(12 H, 2 5, Sxx3’S,, 0.30 - 0.45 (4 H. 2 m, 26-Ii2 and 27-H21, 0.55 (3 H. s. i8-H31, 0.61 ,I H, m. 25-H). 

0.87 and 0.90 leach 9 H, s, CHICIf3131r 1.14 (3 H, d. J 6.4, 21-H31, 2.32 II H, b= d, J 13.9, 4~-HI, 2.55 I1 H. 

dd, J_ 5.2 and 13.9. 4a-xl, 2.81 II H, dd, J 2.0 and 8.4.22-H). 2.90 II H, br d, J 11.9. 92-n). 3.04-3.13 I2 H, 

m, 23-M. 24-H), 4.22 II H, m, 3-H,, 4.54 (I H, dd, J 4.3 and 9.0, I-H,, 4.95 and 4.99 leach I H. m. 19-H2,, 

5.83 (1 H, d. J 11.3. 7-H). and 6.46 (I H, d. J 11.3, 6-H). The correspandlng s,g”als for the other 1somer~ 

a=~ as follows (only non-identlca, patterns and/or J values gl”en,:- 22: 0.05 and 0.06, u.2(1 - 0.35, 0.53 

(18-H3), 0.55, O.Si and 0.89, 1.00 (d, J 6.6, 21.H31, 2.27, 2.57, 2.71-2.91 [4 H, .nc,udlnq 2.74 (dd, J 1.9 
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and 7.4. 22-21, 2.86 $90-X,, and 23-X. 2+-H] , 4.21, 4.53, 4.94 and 4.97, 5.83 and 6.46. 25. _. 0.06 and 0.07, 

O.ZB - 0.46, 0.55 (lE-H3), 0.58, 0.86 and 0.90, 1.02 fd, J 6.7, 21-x,), 2.29, 2.58, 2.84 - 2.94 (3 H, m), 

3.18 (1 H, rn), 4.22, 4.54, 4.95 and 4.99, 5.85, and 6.46. 22: 0.06 and 0.07. 0.25 - 0.05, 0.55, 0.58, 0.87 

and 0.90, 1.13 cd, J 6.4, 21-H31, 2.32, 2.55.2.68 (22-H). 2.84 - 2.94 (2 H, m, 9-B!! and 23-H). 3.02 (1 H, dd, 

J 2.3 and 4.4, 24-H). 4.22. 4.54, 4.95 and 4.99, 5.03, and 6.46. 

1~51,3fRf-B1~1tort-butyld~methyls~ly~oxy~-2O~R~-~3~~~~-cyclo~ropyl-3’-hydroxyprop-i’~E~-enyl~-V~lO-secopregna- 

-slz.),?tE). lO(lQt-trlene (27). A solution of the alcohol c&J!, f 1.00 9, 1.56 nunoll, snthracene (170 n(i), *nd 

trrethylamlne (1 drop) I” toluene (75 mll in a pyrer flask was lrrediated wth light from a high pressure ultra- 

violet lamp, type Tq 71822 (Hanau) et 2O’C for 60 min. The so,utlon was fxltered, concentrated 1” vacua and 

the reeldue purlfied by chromatography (15% ethyl acetate I” petroleum ether as eluantl to give the (52)- 

yitamin derivative iQ) as a” ail/foam t 886 mg, 89 6)s &,,, 264 nmi 6 0.06 I12 H, sJ, 0.15-0.65 (4 H, n>, 

0.55 (3 H, et, 0.88 118 H, sl, 1.05 0 H, d, j 7), 3.5 (1 H, mt, 4.2 (1 H, m,, 4.35 (1 X, m), 4.85 (1 H, m). 

5.17 (1 n, m), 5.50 (2 H. ml, 5.99 (1 n. d. 2 121 and 6.24 (1 H, d, J 121, m/l 640 @+, 71, 625 (I), 623 (21, 

583 (I), 508 (34). 493 (2). 490 (71, 451 (31. 383 (4). 379 (51, 355 (5). and 248 (100%). 

1IS~,3fR)-Bis~tert-butyld~methylsiiyloxy~-2O~R~-~3~lS~-cyciopropyl-3’-hydroxyprop-l’~~~-e”yll-9,10-SeCopreg”a- 

-5(Z1.?(e),10(19)-triene (281. The use of the alcohol 122) I 1.13 q,1.76 mm011 as startzng material instead of 

2,! I” the preceding preparation gave the (szl-vrtamin derivative (22) as a” oil/foam (1.04 4, - ------- 92 $)I Am,, 

264 nmr 6 0.06 (12 H, 51, 0.15-0.65 (4 ti, ml, 0.55 I3 H. 51, 0.88 (18 H, s!, 1.05 0 H. d. 2 71, 3.45 I1 H. ml, 

4.2 (1 H, m), 4.35 (1 H. ml. 4.85 11 H, m), 5.17 (1 HI m). 5.46 I2 It, mt. 5.99 and 6.24 (each 1 H. d. 2 1211 

m/t 640.462 (n+, 7, C3VH6@3Sx2 requares 640.471). 248 IloO%). 

20~Rl-O’~R~-Cyclopropyl-3’-hydroxyprop-l’lE~~nyl~-l~S~,3~Rl-d~hydroxy-9,lO-eecop~egna-S~Zl,7~El,lO~l9~- 

triene (El. A solution of 2,! ( 886 mg,1.38 mmol) and tetrabutylsmmonium fluoride (2.1 g. 6.7mmoll in tetra- 

hydrof.arsn (4001) was heated at 6O’C for 50 min. After cooling, the reactlo” aolut~cn was partitioned between 

EtOAc C 150 ml) and 2% NaHCO3 solution ( 1w ml), and the organic layer was washed with water and bran@, dried 

and concentrated. The residue was purlfled by chromatography (silica gel, 50 go EtO&c a.8 eluantl to gave the 

“~tdm~” D analoque 12) I 408 mg, 72 %I as needles, m.p. 143-145’C (from Et20-hexanesl (Found: C, 7E.22, 

H, 9.86. c2,ndOo3 requires c. 78.601 H, 9.77%) i Am,, 264 “m ~217000)1 6 0.15-0.65 (4 H, ml, 0.56 I3 H, a), 

0.75-1.1 (1 H, ml. 1.05 (3 H, d, J 7 Hz), 3.47, II H. m), 4.2 (1 Ii, ml. 4.4 (1 H, ml. 4.99 (1 Ii, m). 5.31 

(1 H, m), 5.50 (2 H, m!, 5.99 and 6.36 (each 1 H, d, J Ill; %,‘I 412 lE+. 5), 334 (8). 379 Ill, 376 151, 

287 (51, 285 (61, 283 171, 269 1101, 267 (51, 265 (41, 251 (101, 152 (271 and 134 1100%). 

~ 

triene LMC 903, 4). The use of 22 (1.03 u, 1.61mmoll as starting material lnstebd of v in the preceding 

preperaeion geve w l,+_> ( 483 mq, 73 $3. m.p. 166-168-C (from methyl formate) (found: C. 7B.301 H, 9.85. 

C2,H40*3 l-eqares C, 78.60; ii, 9.7791s a_ 264 iel?Kati 6 0.15+X65 14 H, ml, 0.56 (3 H, et, 0.75-1.1 (1 H, ml, 1.05 L3 li, 

d, J_ 7 HZ), 3.45 I1 H, ml, 4.2 I1 H. m), 4.4 (1 H, ml, 4.99 I1 H, ml, 5.31 ii H. m), 5.47 (2 H, ml. 5.99 I1 H, 

d. J II HZ), and 6.36 I1 H, d. 2 11 Hz11 E/Z 412 It+, 61, 334 (81, 379 (2), 376 ( 51, 287 (51, 285 (71, 283 ia), 

269 (111. 267 (6). 265 (41, 251 (121. 152 (261, and 134 (lCO%l. 
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