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Abstract - The synthesis via organoiron complexes of the
chiral 9-(4-Keto-1i-methylcyclohex-2-enyl)-8-keto-des-AB-
ergosta-14,15-22,23-dieane 13, as well as the rearrangement

of 4, 13 to 6-oxa B-nor heterosterolids are described

We previously reportedl that the Jjunction reaction between the racemic iron
tricarbonyl c¢yclohexadienyl catlon | (scheme 1) and the chiral carbanion 2
occurred enantiogelectively at Cyo giving, as the main product, the complex 3
which shows the natural B steroid configuration of the Cjg methyl? By further
elaboration 3 was converted intc the enone 4, an useful heterostercid interme-
diate.! Nevertheless, since the Cg hydrogen of 4 results to be oriented in the
B unnatural stercid configuration,! we have now planned to prepare an enone

having the « configuration of this hydrogen, 1n order to get a suitable inter-

mediate to be converted into natural steroids as well as heterosteroids.
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Dreiding models examination showed that, despite conformational flexibility
showed Dy the corresponding hydrindanei, the hydrindene moiety <¢ould only
exist in tnet conformation reported 1n fig. 1 (scheme 2), i.e, with the Cg
axial nydrogen in the desired o natural orientation. Therefore, in order to
prepare the complex i), havirig the natural stereochemistry at Cg we planned
the synthesis of the hydrindene Ketoester i0a by the junction reaction of the

corresponding anion 10b with the cation 1 (scheme 2).

— 606 —




HETERQCYCLES, Vol 27, No. 3, 1988

Scheme 2
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For the synthesis of {Qa (scheme 2) the chiral Ketone §_1 was utilized as
starting material. This Xetone was converted {trimethylsilyl iodide, hexame-
thyldisilazane, carbon tetrachloride, -20°C)3 into the silyl enol ether 6_“'
(90%), Hevertheless, 6 was dehydrogenated by Pd salts (Pd(OAc)p, CH3zCH, r.t)%
at the least substituted carbon atom to give 7. Alternatively, reaction of 6
with NBS (NBS, CCly, rt.)® yielded the more substituted bromo-Ketone 8 which
was dehydrobrominated (r-collidine, 170°C 2 h) to give the desired enone 9. The
latter was further converted (ilthium isopropylamide, carbon dioxide, -259C,
then trimethylsilylethanol and dicyclohexylcarbodiilmide) into the B keto silyl
ethyl ester 1O_a,7 in order to remove the ester group under mild conditions. The
following Junction reaction between the corresponding carbanion i0b (NaH, THF,

0°C) and the iron +tricarbonyl dienyl cation { (r.t, 05 h) yielded {1, Crude

11 was converted into 12 by decarbdoxylation (tetrabutylammonium £luoride, THF,
rt, 1 h),7 followed by decomplexation of the iron carbonyl group (trimethyl-
amine HN-oxide, benzene, 80°C, 12 h)® Compoundi? was found to be stable and, on
hydrelysis with oxalic acid (r.t, { h), gave the chiral dienocne 13 (&65%) as a
main product, having the natural sterocid configuration at Cg as well as at
0109. Therefore, 13 is a suitable intermediate to be converted by previously
reported methodstl into 6-oxa as well as 6-Keto natural steroids.

Both the enones 4 and 13, are easily converted by enclization at Cg intc the
unusual B nor-$ oxa hetercsteroclds t4 and 15 having the dihydrofuran molety.
The conversion (reported here) occurs quantitatively and regloselectively at Cg
in basic medium (sodium methexide, methanol, 3 h, reflux), as well as, by
chromatography, (on basic alumina) and it oceurs also for similar enones. In

fact, under the above conditions the diketone 1612 rearranges into the corre-
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sponding dihydrofuran compound i7. The X ray analysisl3 carriea out on W
confirmed its heterocyclic structure (fig. 2) and evidenced the stereochemistiry
B of the Cg hydrogen resulting from a stereoselective « attack of the enclate

to the enonic double bond.

Lim

fig.2

The new compounds 14 and 5 appear to be stable under strong hydrelytic condi-
tions (hydrochioric acid 0%, dtoxane, 60°C), Compound {4, on +treatment with m-
chloroperhenzoic acid under controlled conditions (peracid { eq., CHCi3, r.t,
4 ﬁ) reacted selectively at the activated enolic double - bond to give, as the
main product, the ketoester 18 formed by oxidative opening of the liable inter-
mediate epoxidation product.”C Compoundis was further converted on hydrolysis
(acetone, sulphuric acid 2%, 12 ,h' r.t.), folloewed Dby acetylation, into a
compound with the sgtructure 19 !

As a useful extention of this oxidative sequence, we plan to utilize specific
enolethers as starting material to _get a cyclohexane ring bearing a functio-

nalized carbon chain.
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{H-nmr (CDClz) & 4.35 (BH, t, O-CHp-CHp-TMS), 5.26 (BH, m, Cpp-Cpz-olefi-
nic proton), 6.35 (1H, m, Cjig-olefinic proton), ii: liquid, mass 682 (MY
ir (CHCly) 2050, 1970, 1670, 1660, 1615 cm-l; 1H-nmr (CDCl3) &, 3.60 (3H,
s, O-CHs3), 4.36 (2H, t, O-CHp-CHp-THS), 4.60 (iH, m, Ca-olefinic proton)
490 (iH, m, Cg-olefinic proton), 525 (2H, m, Cap-Cpz-olefinic protons)
5.5¢ (iH, m, Cpa-olefinic ©proton), 690 (H, m, Cyg-eclefinic proton), L&
liquid, 1ir{CHCl3) 1865, 1610 cm~Y; 1H-nmr (CDClz} 9, 0.86 and 115 (SH,
2s, Cya and C¢g-protons), 355 (3H, s, OCHz): 4,50 and 4.80 (2H, two broad
d, Cy and Cg-protons), 52 (2H, m, Cpp and Cpz-protons), 550 ({H, m, C;

Proton),
ether),

1H-nmr

Cy-olefinic

clefinic Pproton).

(CHC13)

Cyg-protons),
t, Cg-proton),

hexane-diethyl ether,

mp 110-111°C;

mass 382

6.90 (i1H, m, Cys-proton). 13: microcrystals from hexane-diethyl
mp 114-1179C [alp=-52% mass 382 (M%), ir (CHCl3) 1670, 1615 em~L;
(CDC13) 4, 5.20 (2H, m, Cpp-Cpz-olefinic protons), 58 (iH, 4q,
proton) 6.35 (tH, m, Cyg-olefinic proton)6.86 (H, d, Cg-

t4: prisms £from hexane, mp 85-88°C; mass 384 (M*); 1ir

1710, 1670 cm~Y; 1H-nmr (CDCiz} 4, 0.88 and 1,25 (6H, 2s, Cyg and
263 and 2.66 (2H, m, Cy-geminal protons), 4.49 (iH, pseudo

5.26 (2H, m, Cpp and Cpz-protons). i5: microcr-ystal‘s from

(M*): ir (CHClz) 1715, 1675,

1620 cm-!; lH-nmr (cDClz) 3, 0.89 and 0.98 (6H, 2s, Cy3 and Cijg-protons),

2,67 {(2H,

and Cpz-protons),

{CHC1g)
2.65 (2H,
416 (M*);
2s, Cp
proton),
tons).

{CDC13)

Czz and Cpz-protonas),

Y. Ite, T

R. H.

M. Chandler, P. J.

A. J. Pearson,

2631,

1710,

19: 11quid,

& 207

Reuss,

m, Cy-protons), 450 (iH,

650 (1H, m,

1660 cm-l, ig-nmr

m, Cg-protons), 4.48 (iH,

ir (CHCly) 720, 1Ti0 cm~i;

and Cyg-protons), 2.60 (2H,

4,10 (1H, pseudo t,

mass 458 (M)

(34, m, OCOCH3),
5.90 (H, 4q,
Hirao, and T. Saegusa.
and A. Hassner,
Parsons, and E.

G. Heywood,

— 609 —

pseudo t,

Cig-proton).

(CDCl3) 8,
pseudo t,

iH-nmr

Cg-Proton),
ir
3.50
Cy-Proton),
J. Org. Chem,
J. Org. Chem. 1974,
Hincione,

and M. Chandler,

5.26 (2H, m,

Cg-proton), Cap

17; liquid, mass 206 (M*); ir

1.25 (3H, s, angular methyl),

Cs-proton). 18: liquld, mass

(CDCiz) 9, Q.97 and i.25 (6H,

m, Cy-protons), 3.40 (1H, m, Cyy-

520 (2H, m, Cpp anda Cpz Pro-

(CHClz) 1725, 1670 cm~}; !H-nmr

(1H, m, Cju-proton), 5.20 (2H, m,

745 (tH, 4, Cg-proton).

1978, 43, 104l

38, 1786,

Tetrah. Lett. 1583, 24, 5781.

J. Chem. Soc., Perkin I, 1982,




9.

10.

1.

12,

13,

The natural stereochemistry of Cjg methyl of 4 has been determined by X
ray analysis,! the same expected natural stereochemistry of the Cyjg methyl
of 13 has been confirmed as <£follows: previous X ray analysis reports
evidence that in the junction compounds similar to i3 the Cj¢ methyl and

the Cg hydrogen are disposed in a relative trans conformationid® since

the Cg nhydrogen of 13 1s in the a axial position, the twe possible Cqg
epimers to be formed 1in the Junction reaction could stay in the trans
conformations shown in figures A and B. Therefore the Cg clefinic proton
could be deshielded or not, respectively, d¥ the Keto group located at Ca.
In #fact, nmr spectra of some pairs of enones similar to {3, as well as
epimers at Cg and Cyo, Show that the Cg hydrogen, according to its posi-
tion, falls at 6.95t0.04 9§ cis or 6.7580.03 4 irans with respect to the
keto group. Since the Cg hydrogen of 13 appears at 6.93 3, we conclude

that the stereochemistry at Cip of the dienone 13 is as reported.
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Lett. 1981, 22, 292%; E. Mincione, P. Bovicelli, M. Chandler, and A. R.
Dello Jacono, Heterocycles, 1985, 23, T75.
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Suitable zingle crystals of 14 were grown at room temperature by slow
concentration from an hexane solution.

Preliminary X-ray photographs sho;red that the crystals have orthorhombic
symmetry, space group P 2y 2y 24 a:=T.500(3), b:12.058(2), <¢:26.046(6)A°,
V:2365.4(1.1) A%3, D.:1.08 gr.cm-3, Z:4,

Unique intensity data with 4409 were collected on a Syntex P 2y four
circle automatic diffractometer, using variabdble (-2 scans and graphite-
monochromated Cu-Ko radiation, wCuEg): 514 ,cm~! of the 2624 independent
measured reflections, 2284 were considered significant (I:1.5a(I)) and
uged for the structure slucidation.

The c¢rystal structure was solved by multisolution direct methods, using
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one-phase and two-phases structure semi-invariants to determine the star-
ting set of phases, and ns&gative gquartets to discriminate the best set of
refined phases.

The positions of hydrogen atoms were found on difference Fourler syn-
theses; full-matrix Jleast-squares calculations with anisotropic thermal
parameters for aon-hydrogen atoms and isotropic B values for nydrogens
riding on the corresponding carbon atoms, have converged to the residual
R=0.,049,

Calculations were performed with S.IR!4 and €.A.0.51% packages on a
DPata General Eclipse HMV/8000 II,

Positional parameters and the Ueq Values, anisotroplc thermal vibration
parameters of the heavy atoms, the opbserved and calculated structure
factors and the torsion angle tabdbles have been deposited.

A general view of the molecular structure of 14 toghether with the numbe-
ring scheme is shown in Figure 2.

The conformation of the molecule is described by the torsion angle table,
deposited.

They allow us to assign a distorted boat conformation to the cyclchexanone
ring {(A) a flattened envelope conformation to the dihydrofuran ring (B)
with Cg-C(5) pseudosymmetry, ACg=3.3°; an half-chair conformation to
the cyclohexene ring (C) with the pseudo-binary axis passing through the
middle points of C(8)-C(9) and C(12)-C(13) bonds, ACp=6.8°, an enve-
lope conformation to the cyclopentane ring (D) with Cg-C(13) Ppseudo-
symmetry, ACg:0.2° 18

The most charactertstic feature of this steroid system concerns the
junction of the rings. Indeed the junction is cis for either the (A) and
(B) rings and the hydrindane {C/D) molety so that the molecule shows an U-
shape with the methyl groups at C{10) and C(i3) and the hydrogen atoms at
C(5) and C(i1a) protruding out of the convex face ¢f the skeleton,

If the C(i7)..C{25) distance (of 6.0 R)l= taken as a measure of the
extention of the tail, this is not fully extended being 6.9 & the distance
for the fully extended side-chain 1718, This i1s by virtue of the anticli-
nal conformation about C(20)-C(22) and C(23)-C(24), which have rotational
variability. The two terminal methyl groups denoted Dby C(26) and C(27T)

give rise to a gauches and gauche conformation respectively. The molecules
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of {4 are held in the crystal by Van der Waals fofces only; no short
‘- contacts are observed.

The molecules are oriented in the cell with the side-chains parallel to
the b axisli9 ‘
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