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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

(Received in UK 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—(0H)2—D3, 2) is the hormonally active metabolite of vitamin D3 (1)
and mediates its effect on intestinal uptake of calcium and phosphate by binding to a receptor
present in intestinal epithelium cells.1 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 metabolism. Furthermore it has been observed?’> that the hormone is
a potent inhibitor of proliferation and inducer of differentiation of such cells. This has led to
the speculation that 1,25—(OH)2—D3 may find application in the treatment of disease states char-
acterised by excessive cell proliferation and incamplete cell differentiation, such as psoriasis
and leukemia. However, the potent effect of the natural hormone on calcium metabolism involves
the risk that such treatment may induce hypercalcemia, and this has stimulated the search for
analogues having a relatively weak systemic effect on calcium metabolism while maintaining potent
requlatory effects on cell proliferation and differentiation.

[
]

H [VITAMIN D.] 3 [1,24(R)-(0H},-D,] 4 [MC 903)
OH [1,25—(0H)2—D3]

The discovery that transposition of the 25-hydroxyl group of 1,25-(0H)2—D3 to the 24(R) position

results in an unnatural analogue [la,24(5)~dihydroxyvitamin D3, 3] with essentially equal cell

differentiating ability in vitro,s’6 but with a slightly reduced tendency to give hypercalcemia in
4609
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&vgj suggests that other la,24-dihydroxylated analogues could also be of interest. We have
explored the biological consequences of incorporating carbons 25, 26 and 27 of 3 and related com-
pounds into various cycloalkane rings, a modification which has not been tried before in the vi-
tamin D field, and in this report we describe the synthesis of the novel cyclopropyl, A22 deri-
vative (MC 903, 4), 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 A% steroids
(ergosterol, stigmasterol) has made them attractive intermediates for the partial synthesis of
analogues possessing a modified side chain,8 and these analogues can be converted to vitamin D-
type seco—st:eroids.9 The more direct synthetic strategy we have adopted follows the lead of Hes-
se's group in taking the readily available vitamin D2 (6) as starting material,lo and we have
already briefly reported on our use of this approach in the modification of the vitamin D, side
chain via reductive alkylation of a versatile seleno-acetal intermediate.!! we now report re-
lated work based on Wittig methodology, which similarly involves a convenient, late-stage, ver-
satile intermediate for the synthesis of new la-hydroxylated vitamin D analogues.

The reactions taking vitamin D, (5} to the la-hydroxylated (SE)-vitamin D, derivative 9 were car-
ried out essentially as described by Hesse's g]:oup,12 with certain practical modifications. Thus,

vitamin D2 was converted to its Soz-adducts using the very convenient procedure used by Takayama's
group,13 in which the vitamin is simply dissolved in liquid sulphur dioxide, and the excess sol-

vent is removed after allowing to react for 30 min at its boiling point. The ca. 1l:1 mixture of
vitamin D, S0,-adducts'> (6) cbtained by this method as a foam was directly silylated, and each

of the crystalline tert-butyldimethylsilyl (TBDMS) ethers (7a, b) was isolated and is characterized
here for the first time. Cheletropic extrusion of SO2
NaH(O, converted either isomer to the same (SE)-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 (5E)-vitamin D system in ca. 50-60% yields, the major identified by-product being the 1p-
hydroxylated canpound.l2 In our hands, the ratio of la-(9) to 1B-(10) hydroxylated products was
found to be ca. 6:1 by HPLC analysis of the reaction mixture (this ratio being constant during the
reaction course), but we have found that the undesired isamer is readily separated after a deriva-

tisation step. Thus, silylation of the crude hydroxylation products and purification involving a

in refluxing ethanol containing suspended

o B d
[ g , X = R* = RP =
§ (VITAMIN D,) —2 —[:sa (6s) X_H 8 "
bl—-—e’ (6R), X = H . 9 R*=o4, rRP =1
'—» 7a (6S), X = SJ_Me2Bu; 10 &% =y, rP = on
bl (6R), X = SiMe,Bu" . .
p* 11 R* = osiMe,But, R® = H
p*12 & =, RP = osiMe,But

SO2 (liquid, reflux); b t;—BuMe?_SiCI, Imidazole (DMF, 20 °C); ¢ NaHCO3 (EtOH, reflux);
Se02, N-methylmorpholine N-oxide (MeOH—CH2C12, reflux).

12 |
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rapid filtration through silica gel and crystallisation gave the pure bis—TBDMS ether (11), leav-
ing the corresponding oily 1p-isamer (12) to be isolated fram the mother liquor by careful chro-
matography. The overall yield of the intermediate (11) fram vitamin D, was 35%.

Protection of the conjugated triene system as a dienophile adduct is required to allow selective
ozonolysis of A22 in vitamin D2,10 and this is also the case with the derivatised le-hydroxy-
(5E)-vitamin (11). Thus, treatment of 11 (in diethyl ether as a co-solvent) with liquid sulphur
dioxide gave quantitatively a crystalline mixture of SOZ—adducts (13). In this case the ratio of
adducts was found to be ca. 3:1. Takayama's group reported13b the positions of the C-18 §3
singlet in the lH—bMR spectra of vitamin D (6R) and (6S) SOz—adducts of known configuration, and
these fall into mutually exclusive ranges [viz.(6R), 6 ca. 0.55; (6S), & 0.65-0.70]. These
ranges are not exceeded in the l-substituted analogues of the present work, nor indeed in a varie-
ty of other analogues (unpublished data), and therefore the assigrments of configuration at C-6

in the major isamer, 13a (6S; 6 0.66), and the minor isamer, 13b (6R; 6 0.57), are made on this
basis. The mixture of adducts 13 was conveniently used directly in the subsequent steps, but for
ease of characterisation the major {less polar) isomer 13a was separated by chramatography. Ozo-
nolysis of this campound gave the aldehyde 14a (81%), from which thermal cheletropic extrusion of
502 in the presence of NaHCO3 gave the key intermediate 15, the same product obtained in the minor
series fram 13b via 14b.

1 13a (6S) 14a (63) 15 (208)
13b (6R) 14b (6R) 16 (20R)

a S0, (Et,0, -10 °C); b i. O3 ii. PPhy (CH,Cl,- MeOH, -70 to 0 °C); ¢ NaHCO; (EtOH, reflux).

The slightly less polar C-20 epimer 16 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 epimerisation at C-20 occurred under the mildly basic conditions necessaxy14 to
stabilise the acid-sensitive conjugated triene system of the product in the SO, -extrusion reac-

2
15 The extent of epimerisation depended on the solvent: reactions in refluxing methanol

tion.
rapidly gave a ca. 1:1 mixture of 15 and 16 (together with considerable degradation), while the
proportion of 16 was reduced to ca. 6% (HPLC control) (and degradation was negligible) in re—
fluxing ethanol. However, if the latter reactions were prolonged over the 60-90 min required for
essentially complete consumption of starting materials 14, serious epimerisation ensued (ca. 50%
at 5 h). The use of n-butanol (at 80°C) instead of ethanol gave a similar initial proportion of
epimer (5%) but an increased stability to extended reaction times. On the other hand, the use of

N,N-dimethylformamide (at 80°C) as solvent gave a slightly higher initial proportion of epimer.

As implied above, the undesired (20R) aldehyde (16) could be removed by chramatography for the

characterisation of the pure (20S) isamer (15). However, it was found expedient to defer sepa-
ration of the by-product series until after the next step, since the crude product obtained con-
veniently and without material loss fram the reaction run in ethanol as described above crystal-
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lised directly in a form which contained ca. 90% of 15 and could be stored for considerable
per:iods.16 Treatment of this product with about a molar excess of cyclopropylcarbonylmethylene—
triphenylphosphorane (1, readily obtained fraom cyclopropyl methyl ketone; see Experimental) in di-
methyl sulphoxide at 105°C for 4 h led to the isolation of the pure enone (17) in overall 60-63%
yields fram 14a or the mixture 14a/14b. The (20S) epimer (18) was also isolated (4%) and charac-
terised. The proportion of "natural” and "unnatural” C-20 epimers in the starting material for
the Wittig reaction was found to be equal to that in the product and alsc to remain constant over
the reaction period (HPLC control). Only products containing the (E)-configurated A22 were ob-
tained fram these reactions (1H—N‘4R analysis: g22'23 ca. 16 Hz).1

0
29-CHO
® 0
Ph,P (1
)
DMSO, 105 °C
x
I. W I l oW I
er0" > Nosit- 0 Vosif-
15 (208) 17 (20R)
16 (20R) 18 (20s)

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
and (not least) to allow 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 Na25204 under

0O OH

+ -
Na28204, NaHG)3, (C10H21)3NMe Cl (PhH-Hzo, reflux);
Na.BH4 (THF - MeOH, 5 °C);

NaBH,, CeC13-6H20 (THF - MeOH, 5 °C).

0 o |

phase transfer conditions.18 Further reduction of 19 with

NaBH 4 in tetrahydrofuran —methanol then gave a mixture of
alcohols (20), which was not resolvable on analytical HPLC.
Reduction of the enone (17) under similar conditions gave a
TLC-resolvable mixture of the two C-24 epimeric allylic
alcohols (21 and 22), together with some 20, which ran on TLC
with the less polar isamer (21), but was resolvable on analy-
tical HPIC (ratio:- 20, 13 : 21, 48 : 22, 39). Performing
21 (less polar iscmer) this reaction in the presence of an equivalent amount of

22 (more polar isamer) CeC13-6H2020 reduced the proportion of side chain saturated

19
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alcohols (20) to ca. 1% of the mixture, and this modification was used preparatively. Isola-
tion of practically pure samples of 21 and 22 was achieved after chromatography and recrystallisa-
tion. The integrity of the (E)-configuration of A22 in 21 and 22 was confirmed by their recon-
versions to 17 by M.no2 oxidation in dichloramethane. The configurations at C-24 were assigned on
the basis of the results of epoxidation reactions of the side chain allylic alcohol moiety under
Sharpless' "kinetic resolution" conditions.21

Sharpless' group has dem')nstrate‘:i22 that for chiral secondary allylic alcohols,23

the Katsuki and
Sharplesszl1 chiral oxidation system derived from a (+)-tartrate ester reacts faster with the S en-
antiarer” than with the R enantiamer (and vice versa), the faster reactions proceeding with high
anti selectivity and the slower reactions proceeding with poor selectivity. These results reflect
the cambined effects of an enantiofacial discrimination of the (+)- or (-)-reagent on the one hand,
and an anti selectivity for both on the other hand, which effects can either be conscnant or disso-
nant. Thus, one of the enanticmers of the allylic alcohol was selectively removed fraom a mixture

(the racemate) by allowing the reaction to proceed to the desired oonversion.22

It was hoped that the diastereoisameric allylic alcohols (21 and 22) could be regioselectively
epoxidised under similar conditions and moreover that they would exhibit sufficiently different
reaction rates to enable a clear camparison with Sharpless' experiments, and this proved to be the
case. Thus, treatment of 21 and 22 with a deficiency (ca. 0.9 molar equiv.) of t-BuOOH in the pre-
sence of ’I‘i(OPr‘i—)4 (1.2 equiv.) and optically active diethyl tartrate (DET) (1.5 equiv.) in dichlo-
romethane at -20°C resulted in clean partial oconversion to two different pairs of more polar pro-

ducts. These four products each gave the UV-spectrum characteristic of the 5(E)}-vitamin D conju-
13C—bMR spectra consistent with the

gated triene system and (distinguishable) high field lH— and
gross epoxy-alcohol structures 23 to 26. The reaction courses of comparative experiments on
mixtures of 21 and 22 with the (+)- or (-)-DET reagent were followed over several days by HPLC

a t-BuOOH, Ti(OPrl) 4+ diethyl tartrate (CH,Cl,, -20 °C).

* Assigrment of configuration here assumes the alkenyl group to have a higher priority
than the {(cyclo-) alkyl substituent of the carbinol, as is the case for 21 and 22.
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and showed (see Experimental)} that: (i) the (-)-DET system reacted considerably faster with 21
than with 22; (ii) the (+)-DET system reacted considerably faster with 22 than with 21. From these
cbservations, 21 is assigned the (24R) configuration and 22 the (24S8) configuration by juxtaposi-
tion with Sharpless' results. Furthermore, in close correspondance with the model (see Note 23):
(iii) the relatively fast reaction of 21 (with (-)-DET) gave almost exclusively (96:4) one of the
two possible iscmers, which is thus assigned the anti stereochemistry, 23, while the slower reac-
tion of 21 (with (+)-DET) gave a ca. 1:2 mixture of 23 and 24; and (iv) the relatively fast reac-
tion of 22 (with (+)-DET) gave almost exclusively (98:2) one of the two other possible isamers,
also assigned the anti stereochemistry, 25, while the slower reaction of 22 (with (-)-DET) gave
a ca. 1:1 mixture of 26 and 26.25 {All these ratios were approximately constant over the ob~
served reaction period).

It was therefore assumed21

that the intermediate 22 would lead to the target campound having the
required projection of the 24-hydroxyl group, as represented in 1,24(_}3)—(OH)2-D2 (3),26 and this
was supported by the observed greater biological activity of the target compound (4)derived from22
than of that (29) derived fram 21. Thus, clean photoiscmerisation27 in toluene (using anthracene
as triplet-sensitiser) of 21 and 22 to the oily (5Z)-vitamin derivatives 27 and 28, respectively,
followed by removal of the alcohol protective groups with tetrabutylammonium fluoride in tetra-

hydrofuran campleted the syntheses of the crystalline le,24-dihydroxyvitamin D analogues 29 and 4.

0si

I
21 (24R) 27 (24R) 29 (24R)
22 (248) 28 (248) 4 (249)

a Anthracene - hv (toluene, 20 °C); b E‘BU4N+ F (THF, 60 °C).

Campound 4 (which has been given our campany code MC 903) mediates effects on cell proliferation
and differentiation camparable to those of 1,25—(OH)2-D3 (2),28 while 29 is at least 10 times less
active.? In vivo studies in rats show that 4 is 100-200 times less potent than 1,25-(OH),-Dy in
its effects on calcium metabolism. The details of the biological testing will be published else-

where.z8 MC 903 is currently undergoing clinical trials in the therapy of psoriasis.

EXPERIMENTAL

Melting points were determined with a Bichi-Tottoli apparatus and are uncorrected. UV spectra { N} wore meastred for solutions in
96% EtOH on a Perkin-Elmer model lambda S spectrophotometer. IR spectra (¥) were obtained on a Ferkin Elmer model 783 spectropho-
tameter for KBr discs unless 1ndicated otherwise (u«lc13), 1n which <:a\573(1k)cl3 sclations were (;nployed. & refers to lii-b.VR spectra
C-NMR and hagh field "H-NMR were run on a Bruker AC-300
spectrameter. Samples were run in @Cll solution using Medsx as internal standard. Coupling constants (J) are given in Hertz and

run at 100 Mz on a Jeol FX1(0 spectrameter unless otherwise stated.

are usually approximated to the ncarest umit. Where assignments of signals arc quver, the numbering of carbon atams 1s that used

In the Discussion Section (see diagram 1), which may differ from that :n the Titles. Mass spectra were run on a VG 7070S. It should
be noted that the (6S) and (6R) series Soz—adducts of vitamn D-type derivatives give the same mass spectra, which 1s that of the
corresponding desulphonated campound.
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Analytical TLC (to which Rt’ values refer) was performed on Merck plates pre-coated with silica gel 60 F254' Analytical HPIC (to which
Ta values refer) was performed on a Lichrosorb S1 60 column (25 an x 4 mm) at a flow rate of 3 ml/fmun. Chromatography was performed
on silica gel. 1In general, the separations were performed on aWatersAssociates Prep LC/System 500A, but when a weight of silica gel
1s given, then this refers to flash chramatography using Merck Kieselgel 60. Organic solutions were dried over anhyd. H;sor Petro-
leun ether refers to the fraction b.p. < SO°C. Reactions were performed routinely under a nitrogen atmosphere.

3{s)-(tert-Butyldimethylsilyloxy}-9,10-seco-ergosta-5,7(E},10(19),22(E)-tetraene (6S) (7a) and (6R) (7Zh) SO,-
adducts. Vitamin 02 (12.5 g, 31.5 mmol) was dissolved 1in liquad 502 (50 ml). The solution was stirred under

reflux for 30 min. The §0, was distilled off, and the residue was dried in vacuo to give a mixture of the
knowr!® vitamn D, (68) and (6R) SO,- adducts (§) as a foam. This was dissolved in DMF (100 ml), and i1midazole
(4.5 g, 66 mmol) and TBDMS chloride (5.0 g, 33 mmol) were added. The mixture was stirred at 20°C for 90 min
and then partitioned between EtOAc (500 ml) and water (200 ml). The organic layer was washed twice with water
and brine, dried and concentrated to give a crude product which was separated by chromatography (30% ether :in

petroleum cther as cluant) to give the (6S) Soz-adduct (la), less polar 1somer, as reedles {9.4 g, 52%}, m.p.
117-118°C dec. (from CH2C12-Et0H) {Found: C, 70.96; H, 10.15; s, 5.54. c3485803551 requires C, 71.02; H, 10.17;
S, 5.58%); & 0.06 (6 H, s}, 0.67 (3 H, s), 0.88 (9 H, s), 1.03 (3 H, 4, J 7), 3.64 (2 H, broad s}, 4.0 (1 H, m),
4.4-4.8 (2 H, 2 broad d, J 10} and 5.2 (2 H, m); m/z 510 (ﬂ‘ - SOZ' 40), 495 (2), 453 (10), 385 (3), 378 (8),

253 (26), 251 {12), 133 (50}, 119 (100), and 118 (46%), and the (6R) SO
needles (7.7 g, 42%), m.p. 121-122°C dec. (from CHZCIZ-EtOH) (Pound: C, 70.99; H, 10.203 S, 5.52. C34H5803551

requires C, 71.02; H, 10.173 S, 5.58%); 6 0.06 (6 H, s), 0.58 (3 H, s), 0.88 (9 H, s), 1.03 (3 H, d, J 7), 3.65

(2 H, broad s}, 3.95 (1 H, m), 4.5-4.9 (2 H, 2 broad d, J 10), and 5.2 (2 H, m}; m/z 510 (§+ - §0,) and 119,

2-adduct (7p), more polar isomer, as

1(s),3(R)-Bis(tert-butyldimethylsilyloxy)-9,10-seco-ergosta-5(E),7(E),10(19),22(E)-tetraene (]11) and 1(R),3(R)-
pis{tert-butyldimethylsilyloxy)-1,10-seco-ergosta-S(E),7(E),10{19),22(E)-tetraene (i2). The (6S) (7a) or (6R)
{1b) Soz-adduct, or a mixture of these, (16.4 g, 28.5 mmol} was suspended 1in 96% ethanol (250 ml) and sodium

nydrogen carbonate (20 g} was added. The stirred mixture was heated under reflux for 90 min, cooled, parti-
ally concentrated 1n vacuo, and partitioned between ethyl acetate and water. The organic layer was washed
consecutively with water and brire, dried and concentrated to give the known12 {SE)-vitamin 32 TBDMS cther
(8) as an o1l. This was dissolved i1n a sclution of N-methylmorpholine N-oxide 1in CHZC]Z’ which had beer pre-
pared by drying (30 min over Mq$04) a soluticn containing N-methylmorpholine N-oxide monohydrate (16 g, 119
mmol) 1n CH,Cl

2772
nium dioxide (3.0 g, 27 mmol) in methanol (160 ml)} was added rapidly. Heating under reflux was continued for

(160 ml) and filtering. The stirred solution was heated under reflux, and a solution of scle-

80 min before the reaction mixture was cooled, diluted with more dichloromethane, washed consecutively with
12 (15)- (9) and (1R)- (10 hydroxy-S(E}-
TBNMS ethers as an orarge foam of sufficient purity for use 1in the next stage. Analytical HPLC

water and brine, dricd and concentrated to give a mixture of the known

vizamir
1zam D2

(1% EtOAc 1n hexane as cluant; detector wavelength 270 nm) showed the product to contain g, Tp 9.5 min, and

LQ,TR 7.2 min, 1n a 6:1 proportion. The product was dissolved ir DMF (80 ml), and i1midazole Td.} g, 63 mmol)
and TBDMS chloride (5.1 g, 34 mmol) were added. The mixture was stirred at 20°C for 90 min and then parti-
tioneé between EtOAc (450 ml) and water (200 ml). The EtOAc layer was washed twice with water and brine, dried
and concentrated to give a crystailine solid which was purified by filtration through silica gel (200 g) (clu-
2O-EtOH to give the (1S)~bis-TBDMS
ether (11), less polar isomer, as needles (5.7 g), m.p. 113-114°C (Found: C, 75.C4; H, 11.33; C4087202512 re-
quires C, 74.93; H, 11.32%); xmax 270 nm ( € 25900); 5 0.07 (12 H, s), 0.57 (3 H, s), 0.88 (9 &, s), 0.9]1 (9 H,
s), 1.03 (3 4, 4, J 7), 4.22 (1 H, m), 4.54 (1 H, 4d, J 5 and 9), 4.97 (2 H, m), 5.20 (2 H, m), 5.82 (1 H, d,

3 11), and 6.47 (1 H, d, J 11); m/z 640 (M*, 123, 625 (2}, 583 (S), 515 (2), SOB (49), 451 (6), 383 (10), 379

(5), 355 (3), and 248 (100%). The mother liquor from the recrystallisation of 1] was concentrated and purified

ting with 1% ether 1n petrcleum ether) followed by recrystallisation from Et

by chromatography (1% ether 1n petroleum ether as eluant) to give the (lR)-i1somer (]2) (1.? g, 7%) as an oi1l/
foam, Xmax 263 nm (€ 22000); 6 0.08 (12 H, s), 0.59 (3 H, s), 0.90 and 0.93 (each 9 H, s), 1.03 (3 H, 4, J 7},
3.68 and 4.05 (each 1 H, m), 5.04 and 5.20 (each 2 H, m), 5.84 and 6.52 (eack 1 H, 4, J 11); m/z 640 (u+)

and 248, and an additional 1.2 g (after recrystallisation, as above) 11 (total yicld 6.8 g, 37% from 7).

1(S),3(R)-Bis{tert-butyldimethylsiiyloxy)-9,10-seco-ergosta-5,7(E},10(19),22(E)-tetraene (6S) (13a) and (6R}
{13b) Soz-adducts. The b1s-TBDMS ether (l1) (4.0 g, 6.2 mmol) was dissolved 1n Et,0 (10 ml}) and liquid S0,
({50 ml) ard the mixture was stirred under reflux for 30 min. The S0, and ether were distilled off, and the
residue was dried 1n vacuc to give white needles (4.4 g, 100%), showing two spots on TLC (10% Et20 in petro-
leum ether as eluant) corresponding to 13a (Re ca. 0.25) and 13z (Rf ca. 0.1} (Found: C, 67.97; H, 10.26,

S, 4.37. C40H72045 sz requ:res C, 68.12; H, 10.29; S, 4.55%);6 0.57 and 0.66 (2 s; relative heights, 1:3.3).
Separation by chromatography (eluting with 20% Etzo 1n petroleum ether) gave the (6S) 502
needles, m.p. .07-109°C dec.((ran£t204EOH) (Found: C, 67.89; H, 10.24 ; S, 4.35. C4087204$ S1, requires C, 68.12;
H, 10.29; 3, 4.35%); Ymax (CHCIJ) 1310 and 1160 cm_l; 4 0.06 (12 H, br s), 0.66 (3 H, s), 0.87 (Y H, s), O.89
(9 H, s), 1.02 (3 H, d, J 7), 3.45-4.1 (2 H, br ABq, J 16), 4.20 (1 H, m), 4.35 (1 H, m), 4.67 (2 H, m), and
5.19 (2 H, m), and the (Eﬂl_§92:E§§HSE (13b ) as an o:il; Vmax (CHCl,3 1310 and 1160 cm_l; 4 0.06 (12 H, br s),
0.57 (3 H, s), 0.87 and 0.89 (each 9 H, s), 1.02 (3 H, d, J 7)., 3.45-4.1 (2 H, br ABq, J 16), 4.15 (1 H, m},

4.4 (1 H, m), 4.5-4.95 (2 H, 2 br d, J 10).

-adduct (13a) as
—— L R

1{S),3({R)-Bis{tert-butyldimethylsilyloxy)-20(S}-formyl-9,10-secopregna-5,7(E),10(19)-triene (6S) a&-nddux (14a).
The (6S) Soz-adduct (13a) (4.4 g, 6.2 mmol) was dissolved 1in CH2C12 (120 ml) and MeOH {40 ml). The starred
solution was cooled to -65°C and treated with ozonised oxygen until TLC showed essentially complete consump-

tion of starting material {ca. 40 min). The solution was then purged with Nz,and PPhJ (2.5 g, 9.5 mmol) was

added. After warming slowly to 0°C, the reaction mixture was diluted with more CH Clz, washed consecut:ively

2
with 5% NaHCO3 solut:ion, water, and brine, and dried and cdncentrated. The residue was purified by chromato-

graphy (30% ether in petroleum ether as eluant) to give the aldehyde (Lig) as needles (3.2 g, 81%), m.p.
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122-124°C dec. (Found: C, 64.33; H, 9.59; S, 4.87. CSAHGOOSS Si2 requires C, 61.103 H, 9.49, S, 5.03%); Yinax
(CHCIB) 1720, 1310 and 1160 cm_l) 6 0.06 {12 H, br 8), 0.70 (3 H, s), 0.87 and ©0.88 (18 H, 2 s), 1.13 {3 H,
d, J 7), 3.45-4.1 (2 H, br AB q, J 16}, 4.20 (1 H, m), 4.35 (1 H, m), 4.70 (2 H, m)}, and $.58 (1 H, d, J 3).
[N.B. The use of the (6R) SOz-adduct (LEP) as starting material in this preparation gives the aldehyde (14b),
max (CHCl3) 1720, 1310 and 1160 e 'y & 0.07 (12 H, br s),
0.61 (3 H, s), 0.88 and 0.89 (18 H, 2 s), 1.14 (3 H, d, J 7), 3.45-4.1 (2 H, br AB q, J 16), 4.15 (1 H, m),

4.4 (1 H, m), 4.5-4.95 (2 H, 2 br d, J 10), and 9.57 (1 H, d, J 3}

more polar isomer, in the same yield, as an oil; »

1(s8),3(R)-Bis-{tert-butyldimethylsilyloxy)-20(g)-formyl-9,10-secopregna-5(E),7(E),10(19)-triene (1l3). The
aldehydes (14) (14.3 g, 22 mmol) were suspended i1n ethanol (300 ml) and NaHCO3 (14 g) added. The starred
mixture was heated under reflux for 90 min, cooled, partially concentrated in vacuo, and partitioned be-

tween EtOAc {350 ml) and water (200 ml). The orgaric layer was washed with water and brine, dried, and con-
centrated to give a crystalline product (12.6 g) which was used as such 1n the next step. Analytical HPLC
(1% EtOAc 1n hexanes as eluant; detector wavelength 270 nm) showed the product to contain the aldehyde (15)
(90%), TR 4.8 min, and 1ts (20R) epimer (L§) (5%}, TR .
chromatography (5% Et,0 in petroleum ether as eluart): 15, needles, m.p. 113-115°C (from EtOH) (Found:

C, 71.16; H, 10.54. C34H6OO3 sz requires C, 71.27; H, 10.55%); xmax 270 nm ( € 26700} Ynax (CHCIB) 1720 Cm_lx
6 0.08 (12 H, s), 0.6 (3 H, s), 0.88 and 0.92 (18 H, 2 s), 1.16 (3 H, d, J 7 Hz), 4.20 {1 H, m}, 4.50 (1 H,
m), 4.98 (2 H, m), 5.85 (1 H, d, J 11 Hz), 6.46 (1 H, d, J 11 Hz), and 9.60 (1 H, &, J 3 Hz); m/z 572 (M,
21), 558 {4), S15 (14), 440 (80), 383 (26), 379 (7), 355 (3), and 248 (100%}. LE: 4 0.06 (12 H, s), O0.55 (3 H,
s), 0.86 and 0.90 {each 9 H, s), 1.05 (3 H, d, J 7), 4.21 (1 H, m), 4.5 (1 H, m), 4.95 (2 H, m), 5.82 and

6.44 (each 1 H, d, J 11), and 9.55 (1 H, &, J 5); m/z 572 (M') and 248.

4.1 min, and these were separated from a sample by

Cyclopropylcarbonylmethylenetriphenylphosphorane (lL).

A. Bromoacetylcyclopropane. To a stirred, 1ce-cooled solution of cyclopropyl methyl ketone (21 g, 0.25 mol}

1n methanol (150 ml) was added bromine (40 g, 0.25 mol). The reaction was allowed to proceed (decolourisation) be-
low 10°C. Stirring was then continued at room temperature for 30 min before water (75 ml) was added. After a
further 15 min the mixture was diluted with water (225 ml) and extracted four times with Etzo. The ether ex-
tracts were washed with 10% Na,CO, solution, water, brine, and dried. After removing the solvent 1n vacuo, the
residue was distilled to give bromoacetylcyclopropane (35.5 g, 87%), b.p. 71-73°C/13 mmHg; 4 0.9-1.3 (4 H, m),
2.05-2.35 (1 H, m}, and 4.02 (2 H, s).

B. Cyclopropylcarbonylmethyltriphenylphosphonium bromide. Bromoacetylcyclopropare (27.1 g, 0.17 mol) and tri-

phenylphosphine (43.5 g, 0.17 mol} were mixed and allowed to react spontaneously (exothermic reaction). The
resulting solid cake was dissolved in CH2C12 {200 ml} (with warming) and treated with Et,0 (300 ml) to pre-
cipitate the phosphonium bromide as colourless needles (59.1 g, 84%), m.p. 214-215°C (Found: C, 64.8l; H, 5.26.
C,4H,,0BrP reqguires C, 64.95; H, 5.21%); & 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. Cyclopropylcarbonylmethylenetriphenylphosphorane (). The phosphonium bromide from B (67 g, 158 mmol) was

dissolved 1in CH2C12 (900 ml1), and the solution was extracted with sodium hydroxide solution (2 N, 900 ml). The
organic layer was washed with brine, dried and concentrated 1n vacuo to give a product which was purified by
recrystallisation from dichloromethane-acetone to give the phosphorane (1) as needles (46.6 g, 86%), m.p.
181-182°C (Found: C, 79.99; H, 6.24; C23H210 P requires C, 80.22; H, 6.15%); 6 0.60 (2 H, m), 0.85 (2 H, m),
1.75 (1 H, m), 3.77 (1 K, br &, J 26) and 7.1-7.8 (1S H, m).

&O(R) (17) and 20(S) (18)] 1(8),3(R}-Bis{tert-butyldimethylsilyloxy)-20-(3'-cyclopropyl-3'-oxyprop-1'(E)-
enyl)-9,10-secopregna-S(E),7(E),10(19)-triene. A stirred solution of the aldehyde mixture 15/16 (10.5 g)

I (15 g, 44 mmol} 1n dimethyl sulphoxide (60 ml) was heated

from the SOZ-extrusxon step and the phosphorane
at 105°C for 4 h. After cooling, the reaction solution was partitioned between EtOAc (250 ml) and water

(200 ml). The ethyl acetate layer was washed twice with water and brine, dried, and concentrated in vacuo

to give a residue which was purified by chromatography (10% ether i1n petroleum ether as eluant) and recry-
stallisation to give the 20(R) enone (17), more polar 1somer, as needles, m.p. 123-124°C (from EtZO—MeOH)
(7.51 g, 63% fram 14) (Found: C, 73.24; H, 10.48, C39 86603Si2 requires C, 73.29; H, 10.41%); Xnax 230 and 270 (€ 21200 and
26800); v 1687, 1668 and 1626 an_l; 6 0.06 (12 H, s), 0.59 (3 H, s), 0.87 and 0.90 (each 9 H, s}, 1.13 (3 H, 4, J 7], 4.2

(1 H, m), 4.5 (1 H, m), 4.96 (2 H, m), 5.8 (1 ¥, 4, J 11 Hz), 6.14 (1 H, 4, J 16 Hz), 6.45 {1 H, d, J 11 Hz},
and 6.78 (1 H, dd, J 9 and 16 Hz)) m/z 638 (g', 10}, 623 (2), 581 (7), 506 (54), 449 (8), 383 (6), 379 (10},
355 (2), and 248 (100%). The mother liquor was concentrated and rechromatographed and the fractions con-
taining the less polar i1somer combined with those from the first column to give the 20(S)} enone (18) {0.45 g,
4% from l4), needles, m.p. 97-99°C (from EtZO—MeOH) (Found: C, 73.26, H, 10.38. c}9“66°3512 {cquires

C, 73.29; H, 10.418); A . 230 and 269 nm { € 20500 and 26400); v, 1686, 1667 and 1625 cm ; 6 0.06 (12

H, s), 0.52 (3 H, s), 0.87 and 0.90 (each 9 H, s), 1.03 (3 H, 4, J 7}, 4.2 (1 H, m), 4.5 (1 H, m), 4.96

(2 H, m), 5.80 (1 H, 4, J 11), 6.14 (1 H, 4,3 16), 6.45 (1 H, d, J 11) and 6.81 {1 H, dd, J 9 and 16);

m/z 638 (M*) and 248.

i(S8),3(R)-Bis(tert-butyldimethylsilyloxy)-20(R)-(3'-cyclopropyl-3'-~oxopropyl)-9,10-secopregna-5(E).7(E),10(19)-

triene (19). A mixture of the cnone (17) (200 mg, 0.3 mmel), NaHCO, (0.5 g), scdium dithionite (Nazszod)

(0.5 g), and methyltridecylammonium chloride (0.05 g) 1in benzene (10 ml) and water (10 ml} was stirred vi-
gorously under reflux for 90 min. After cooling, the reaction mixture was partitioned between Et20 and water,
and the organic layer was washed with water, dried and concentrated 1in vacuo. The residue was purified by
chromatography (silica gel, 30 g 3 5% EL20 1n petroleum ether) to give the ketone (19) (144 mg, 72%) as

colourless plates, m.p. 93-94°C (from ether-methanol) (Found: C, 73.07; H, 10.70, °39“ss°3 sz requires
C, 73.06; H, 10.69%); Ynax (KBr) 1700 cm_lx 6 0.06 (12 H, s), C.55 (3 H, s), O.87 and 0.90 (each 9 H, s),
4.2 (1 H, m), 4.5 (1 H, m), 4.96 (2 H, m), 5.82 (1 H, d, J 11) and 6.45 (1 H, d, J 11})3 m/z 640 (g’, 7).

625 (2), 583 (3), 508 (36), 451 (6), 383 (3), 379 (5i, 355 (3), and 248 (100%); A!nax 270 nm (€ 24900).
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1(S),3(R})-B1s{tert-butyldimethylsilyloxy)-20(R)-(3'§-cyclopropyl-3'-hydroxypropyl}-9,10-secopregna-5(E),7(E),-
10(19)-triene {20). An ice-cooled, stirred solution of the ketone (19) (225 mg, 0.35 mmol) in tetrahydrofuran
LAALESRLEALLIENE L34 =

(3 ml) was diluted with methanol (8 ml} and treated with NaBH, {140 mg) portionwise over 5 min. After a
further 10 min, the reaction mixture was partitioned between ethyl acetate ( 30 ml) and water ( 30 ml),

alcohols (20) as a gum (0.22 g, 9985 A . 270 rm; 80.06 (12 H, ), 0.15-0.65 (4 H, m), 0.55 (3 H, s), 0.8 and 0.90 (each
9 H, s), 4.2 (1 H, m), 4.55 (1 H, m), 4.96 (2 H, m), 5.81 (1 H, d, J 11.5) and 6.46 (1 H, d, J 11.5);

8. (75.5 MHz) -5.1 and -4.9 (SiCH,'s); 2.0, 2.3, 2.5 and 2.7 (C-26,27); 11.9 (C-18); 17.8, 17.9 and 18.1
(C-25 and S1¢(CH,)3"s): 18.6 and 18.7 (C-21): 22.1 (C-11)3 23.4 (C-15); 25.7 (CHICHy)3's)s 27.5 (C-16),
28.8 (C-9); 31.5 and 31.6 (C-23); 33.5 and 33.7 (C-22); 35.8 and 36.0 (C-20)) 36.4 (C-4), 40.4 (C-12),
43.8 (¢-2), 45.7 (C-13), 56.3 (C-17), 56.3 (C-14), 67.1 (C-3), 70.1 (¢-13, 77.0 and 77.2 (C-24), 106.4
(C-19), 116.3 (C-7), 121.6 (C-6), 135.2 {C-5), 143.1 (C-8) and 153.5 (C-10). (See Note 19.)

3'(R) (21) and 3'(38) {(22) 1i8),3(R)I-Bis{tert-butyldimethylsilyloxy)-20{R}-(3'~-cyclopropyl-3’-hydroxyprop-
1'(E}-enyl)-9,10-secopregna-5(E),7(E},10{19)-tricne. An 1ce-cooled, stirred solution of the enone (17) (4.31 g,

6.74 mmol) 1n tetrahydrofuran (8 ml} was diluted with 0.4 M CeC13.6u20 in methanol (18 ml) and further with
methanol (9 ml), and treated with sodium borohydride (0.50 g), portionwise over S min, After a further 10 min,
the reaction mixture was partitioned between EtOAc (250 ml) and water ( 200 ml) and the organic layer was
washed with water ( 100 ml), dried, and concentrated 1n vacuo. HPLC analysis (using 4% EtDACc 1n hexanes as
eluant; detector wavelength 270 nm) showed the product tc be a mixture of the allylic alcohols (%}) and (gg)
and the side chain saturated alcohols (20} described above (TR ca. 10, 12, and 8 min, respectively} 1n the
proportions 61:38:1 . purification by chromatography (10% ethyl acetate i1n petroleum ether as eluant) gave
the 3'(R) allylic alechol (21), less polar isomer, (2.37 g, 55%) as needles., m.p. 117-118°C (from petroleum
ether-MeOH) (Found: C,72.73; H,10.74. c39H6803 S1, requires: C, 73.06; H,10.69%); Amax 270 (€ 25000} ;

5 0.06 {12 B, s), 0.15-0.65 (4 H, m), 0.57 (3 H, s), 0.87 and 0.90 (18 H, 2 s}, 1.05 (3 H, d, J 7 Hz), 3.45

{1 H, m), 4.2 (1 H, m), 4.55 (1 H, m), 4.96 (2 H, m), S$.51 (2 H, m), 5.82 (1 H, 4, J 11 Hz) and 6.47 (1 H, 4,
J 11 Hz): m/z 640 (ﬂ*, 6), 625 (1), 623 (1), 583 (2). S08 (29), 493 (1), 490 (2), 451 (3), 383 (6), 379 (5),
355 (2), and 248 (100%), and the }:ﬂﬁl_g}ly[x;_glsghg} (22) (1.42 g, 33 %) as needles, m.p. 122-123°C (from
petroleum ether-MeCH) (Found: C,72.22; H,10.65. C39H6503 sz requires: C,73.06; H,10.69%}; Amax 270 {€ 24100y
6 0.06 (12 H, s}, 0.15-0.65 (4 H, m), 0.57 {3 H, s), 0.87 and 0.90 (18 H, 2 s), 1.05 (3 H, 4, J 7 Hz), 3.45

(1 H, m), 4.2 {1 H, m), 4.55 (1 H, m), 4.96 (2 H, m), 5.47 (2 H, m), 5.82 (1 H, d, J 11 Hz) and 6.47 (1 H,

d, J 11 Hz); m/z 640 (M*) and 248.

Epoxidation of 21 and 22 undcr Sharpless' kinetic resolution conditions: []‘(R),Z'(R).B'(R) (331,
1'(8), 2*(S) ,3'(R) (24), 1'(s),2'(s).3'(S) (25), and 1'(R), 2'(R) ,3'(8) (26ﬂ 1(8),3(R)-(3'-cyclopropyl-
1',2'-epoxy-3'-hydroxypropyl)-9,10-secopregna-S(E),7(E),10(19)-triene. Four parallel experiments werc per-

formed as follows:- ’rx(opri)4 {0.28 g, 1 mmol, 1.2 eq.) was weighed intc a dry flask which was then sealed
with a septum cap. After establishing an N2 atmosphere, the following liquids were 1njected sequentially
at -20°C:(i) optically act:ve diethyl tartrate (DET) (0.25 g, 1.2 mmol, 1.5 eq.) 1n CH2C12 {7 ml); (11) a
mixture (see ts0 HPLC analysis below) of 21 and 22 (0.52 g, 0.81 mmol, 1 eq.) 1n CH2C12 ({3 ml)y (111) azeo-
tropically dried?? t-BuOOK (1.6 ml, 0.45 M, 0.72 mmol, 0.9 eq.} in (CH,Cl),, the latter being added after a

15 min 1nterval. The reaction solution was then maintained at ca. -20°C (in a frecczer, betwcen examinations).
At i1ntervals, an aliquot (20 u1) was withdrawn and quenched by partitioning betwecn water (2 ml)and hexane (1ml) at
20°C, and the hexane phase analysed directly by HPLC (4% EtOAC in hexanes as eluant; detector 270 nm). The results were as follows:
[Normalxsed ratios (¢ 1%) of components 21-26 {the components being given in that order);TR: 21, 10; 22, 123

23, 25; 24, 31; 25, 23; 26, 34 min (reaction time in hoursﬂ : Expt 1 B#)-Dsi] 48:52:0:0:0:0 (0; starting
mixture); 27:0 :14: E] 1 {96); Expt 2 [(+)-DEﬂ 97:3:0:0:0:0 (0); 90:2:2:5:1:0 (4); 66:0:9:22:3:0 (36);
35:0:20: @3 :3:0 (120}, Expt 3 [(-)-DET] 97:3:0:0:0:0 (0); 49:3:46:2:0:0 (4)3 16:3:78:3:0:0 (36); 10:3: :
3:0:0 (120). Expt 4 [(-)-DET] 6:94:0:0:0:0 (0)3 0:31:6:0:32: B3] (72). Thus, 2] 1s removed selectively

from exther a 97:3 (Expt 3) or a 6:94 (Expt 4} mixture of 21 and 22, showing that (-)-DET reagent reacts faster

with 21 than with 22. similarly, 22 1s removed selectively from a ca. l:1 (Expt 1) [or a 97:3 (Exptzﬂ
mixture of 21 and 22, showing the (+]-DET reagent reacts faster with 22 than with 21. After the last examina-
tion the reaction mixture was quenched by partitioning between 5% NaHCOJ solutaon (20 ml) and EtOAc ( 50 ml)
at 20°C. The mixture was filtered and the organic layer was washcd with brine, dried and concentrated to

give a residue which was purified by chromatography (silica gel, 100 g, 20% EtOAc 1n petroleum ether as eluant)
to give an cily product [23*@, 137 mg / 24, 147 mg / 23, 276 mg / 26, 85 mg, respectively from BEXpts 1-4J corresponding

to the HPLC peak(s) indicated above 1in a box 1in the final HPLC analysis. Thus, the four cxpts gave each a
different 1somer, except for Expt 1 which gave a ca. 1:7 mixture of 23 and 25, since thcse werc not scparable
preparatively. The NMR data obtained (except for Expt 1) did not show any cross-contamination. 23/24/25/26;
Amax270 nm;éc {75.5 MHz; common values g 0.1 p.p.m.; values outsidc this range are given in the order g}-z?
unless otherwise stated) -5.1 and -5.0 (SLQHB’S); 1.5/1.5/1.3/2.0 (C-26)3 2.4/2.3/2.0/2.3 ({C-27); 12.0 (C-18);
13.4 €23, 253/14.4 (24, 26) (C-25); 17.0 (23, 261/15.8 (24, 25) (C-21); 17.9 and 18.0 (gH(CHB)B‘S)x 22.2 (C-11);
23.2 (C-153 25.7 (CHICH;),"s)s 26.7 (23, 261/26.1 (24, 25) (C-16); 28.8 (C-9); 36.4 (C-4); 39.1 (23, 26)/38.0
(24, 25) (C-20); 40.2 (C-12); 43.8 (C-2); 46.0 (C~13); 54.0 (23, Zf)/SG.Z (24, gé) {C-17); 55.8 (C-14); 59.9/
59.2/58.1/61.4 (C-23); 62.1/61.4/59.4/63.0 (C-22)3 67.0 (C-3);3 70.1 (C-1); 73.6/75.4/72.8/74.7 (C-24}; 106.4 +
0.2 (C-19)3 116.5 (C-7);3 121.4 (C-6)3 135.5 (C-5); 142.5 (C-8); 153.4 (C-10). AH {300 Miiz) 23: 0.06 and 0.07
(12 H, 2 s, SLC§3'S), 0.30 - 0.45 (4 H, 2 m, 26-52 and 27-&21, 0.55 (3 H. s. 18-33), 0.61 (1 H, m., 25-H)},
0.87 and 0.90 (each 9 H, s, CH(CEJ)J), 1.14 (3 B, d, J 6.4, 21—§3), 2.32 11 K, br d, J 13.9, 4p-H), 2.55 (1 H,
dad, J 5.2 and 13.9, 4a-H), 2.81 (1 H, dd, J 2.0 and 8.4,22-H), 2.90 (1 H, br 4, J 11.9, 93-H), 3.04-3.13 (2 H,
m, 23-H, 24-H), 4.22 (1 H, m, 3-H), 4.54 (1 H, dad, J 4.3 and 9.0, 1-H}, 4.95 and 4.99 (cach 1 H, m, 19-52),
5.83 (1 H, d, J 11.3, 7-H), and 6.46 (1 H, @, J 11.3, 6-H). The corresponding signals for the other isomers
are as follows {only non-identical patterns and/or J values given):- 24: 0.05 and 0.06, 0.20 - 0.3%, 0.53
(18-53), 0.55, 0.85 and 0.89, 1.00 (d, J 6.6, 21—53), 2.27, 2.57, 2.71-2.91 [4 H, 1including 2.74 (dd, J 1.9
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and 7.4, 22-H), 2.86 (96-H), and 23-H, 24-H], 4.21, 4.53, 4.94 and 4.97, 5.83 and 6.46. 23: 0.06 and 0.07,
©.28 - 0.46, 0.55 (18-H;), 0.58, 0.86 and 0.90, 1.02 (d, I 6.7, 21-H;}, 2.29, 2.58, 2.84 ~ 2.94 (3 H, m),
3.14 {1 H, m), 4.22, 4.54, 4.95 and 4.99, 5.85, and 6.46. 25: 0.06 and 0.07, 0.25 - ©.45, 0.55, 0.58, 0.87
and 0.90, 1.13 (d, J 6.4, 21-Hy), 2.32, 2.55,2.68 (22-H), 2.84 ~ 2.94 (2 H, m, 9-§H 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, 5.83, and 6.46.

1{8},3{R)-Bis{tert-butyldimethylsilyloxy}-20{R}-(3*{R)-cyclopropyl-3*-hydroxyprop-1'{E}-enyl1-9,10-secopregna-
-5{2},7{E}, 10{191-triene {27}. A soluticn of the alcohol (31} (1.00 g, 1.56 mmol}, anthracene {170 mqg), and
triethylamine {1 drop) i1n toluene {75 ml) in a pyrex flask was irradiated with light from a high pressure ultra-

violet lamp, type TQ 71822 (Hanau) at 20°C for 60 min. The solution was filtered, concentrated in vacuo and
the residue purified by chromatography (15% ethyl acetate in petroleum ether as eluant) to give the (52}~
yitamin derjvative (27) as an ci1l/foam ( 886 mg, 89 ¥}, kmax 264 nm; & 0.06 (12 H, s), 0.15~0.65 {4 H, m},
0.55 {3 H, s), O.88 {18 H, &), 1.05 {3 H, 4, J 7}, 3.5 (1 H, m), 4.2 {1 H, m}, 4.35 (1 ®H, m}, 4.85 {1 H, m},
5,17 (1 H, m), 5.50 (2 H, m), 5.99 (1 H, 4, J 12) and 6.24 (1 H, 4, J 12), m/2 640 (M*, 7}, 625 (1), 623 (2),
583 (1), SO8 (34)., 493 (2), 490 (7), 45) (3), 383 (4), 379 (5), 355 (5), and 248 {100%).

1{8}),3{R)-Bis{tert-butyldimethylsilyloxy)-20{R}-{3'{S}-cyclopropyl-3*-hydroxyprop-1'{E}-enyl}-%,10-secopregna-
-5{2},7(B),10(19)-triene {28). The use of the alcohol (22) ( 1.13 g, 1.76 mmol} as starting material instead of
21 1n the preceding preparation gave the (5z)-vitamin deravative {(28) as an oil/foam {1.04 g, 92 %}, kmax
264 nm; 6 0.06 (12 H, s), 0.15~0.65 (4 H, m), 0.55 (3 H, s}, 0.88 (18 H, s}, 1.05 (3 H, d, J 7), 3.45 (1 H, m),
4.2 (1 H, m), 4.35 ¢} H, m}, 4.85 {1 #, m}, 5.17 () H, m}, 5.46 (2 H, m}, 5.99 and 6.24 (each 1 H, 4, J 12}

-
m/z 640,462 (M . T CygHgg0y51, requires 640.4711, 248 (100%).

20({R)-{3'{R}~Cyclopropyl~3’-hydroxyprop~1"'{(E)~enyl}~1(S},3{R)-dihydroxy-9,10-secopregna-%{2},7{E),10(18)~-
triene (29). A solution of 27 ( 886 mg,l.38 mmol)} and tetrabutylammonium fluoride (2.1 g, 6.7 mmol) in tetra-
hydrofuran (40 ml} was heated at 60°C for 50 min. After cooling, the reaction solution was partitioned between
BrtOAc { 150 ml} and 2% NaRCOS solution { 10o ml), and the organic layer was washed with water and brine, dried
and concentrated. The residue was purified by chromatography {(silica gel, 50 g; EtOAc as eluant) to give the
vaitamin D analogue (29) ( 408 mg, 72 %) as needles, m.p. 143-145°C (from Etzo—hexanes) (Found: C, 78.22;

H, 9.86. C27H4003 requires C, 78.80; H, 9.77%); xmax 264 nm ( €17000}) 6 0.15~0,65 (&4 H, m), 0.56 (3 K, 8),
©.75-1.1 (1 H, m), 1.05 (3 H, d, J 7 Hz), 3.47, (1 H, m), 4.2 (1 H, m}, 4.4 (1 H, m), 4.99 (1 H, m}, 5.31

{1 8, m}, 5.50 {2 H, m}, 5.99 and 6.36 {each 1 H, &, J 11}; m/z 412 tg*, 53, 394 (8}, 379 (1}, 3716 (5},

287 (51, 285 {6}, 283 (7}, 269 {10}, 267 (S}, 265 (4}, 251 {10), 152 (27} and 134 {100%),

20(R)-(3'-(8}~Cyclopropyl~1'-hydroxyprop~1'(E)-enyl)-1(S),3{R}~d1rhydroxy-9,l0~secopregna~-5(z),7(E),10(19)-
triene (MC 903, 4}. The use of 28 (1.03 g, 1.6l mmol) as starting material instead of 27 in the preceding
preparation gave MC 903 (4) { 483 mg, 73 %}, m.p. 166~168°C (from methyl formate) {Found: C, 7B.30: H, 9.8%5.
C275w03 requares C, 78.60; H, 9.77%); Am 264 {€17200); & 0.15-0.65 {4 H, m}, 0.56 {3 H, s}, 0.75-1.1 {1 H, m}, 1.05 {3 H,
4, J 7 Hz), 3.45 (1 H, m), 4.2 {1 H, m), 4.4 {1 H, m), 4.99 {1 H, m}, 5.31 {1 H, m}, S.47 (2 H, m), 5.99 (1 H,
d, J 11 Hz), and 6.36 (1 H, d, J 11 Hz}; m/z 412 (!*, 6), 394 (8), 379 (2), 376 { 5), 287 (5), 285 (7), 283 (8),

269 (11), 267 (6), 265 (4}, 251 (12), 152 (26), and 134 (100%).
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