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Summary

The racemic cis-anti-trans-steroids 9 to 11 have been synthesized in a highly
stereoselective manner starting from 4-methoxybenzocyclobutene carboxylic acid via
the key step 8 — 9. (¢f. Scheme 2).

The total synthesis of steroids is a continuing challenge for the organic chemist.
From 1939 up to the present numerous often exciting and even some practical routes
to this pharmaceutically important class of compounds have been developed?). Based
on our pioneering work on intramolecular quinodimethane cycloadditions [6-8] a
new approach to this skeleton via the generalized sequence 1 — 11 — III (Scheme I)

Scheme 1

appeared feasible. Consideration of models of all four possible transitions states for
the intramolecular cycloaddition of 11, points towards kinetically favoured formation
of adducts IIT with anti-disposed H-C(8) and H-C(14), caused by steric interactions
of the angular methyl group. In addition, one may expect [7] that the trans- or cis-
B, C-ring fusion in III will be controlled by the influence of a sp3- or sp?carbon
functional group C=Z on the endo/exo mode of the addition II — IIL In fact, highly
stereoselective formation of trans-anti-trans products has been observed in a related

1)  Reviews: [1-5].
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approach to D-homoestrone [9], in earlier work in our laboratory?) [7] and in a
very recent application of Scheme 18) [10]4).

However, a major difficulty encountered in the preparation of I is the joining of
the readily accessible benzocyclobutene unit3) with the appropriately functionalized
ring-D-building blockS$). .

We now wish to report a new steroid synthesis according to Scheme 1 which involves
satisfactory access to I and leads to both unequivocal substitution of ring A and func-
tionalization of position 11 in III. To this end it was decided to form the bond c in I by
using the nucleophile-induced elimination-addition of an a-halooxime [15-17] (Sche-
me 2). The ring-D-precursor 17) was prepared in 93% yield from 2-methylcyclopent-2-
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enone [18] by conjugate addition of lithium pentynyl-vinylcuprate [19] (1.3 mol-equiv.
in the presence of 2.5 mol-equiv. of hexamethylphosphorous triamide in ether at — 60°
to —40°) and quenching of the adduct with chlorotriethylsilane (1.0 mol-equiv. at

2) In this approach [7] the bond a of I was formed by C-acylation of a benzocyclobutene-1-carbox-
ylic acid ester-enolate; we thank Dr. G. Lenz for preliminary experiments.

3) This elegant route to the stereoid skeleton [10] involves a cobalt-catalysed co-oligomerization
of a 1,5-diyne with bis(trimethylsilyl)acetylene to a transient benzocyclobutene; however,
oxygen-functionality has not yet been introduced specifically in position 3.

4)  For another approach to the conversion II — III via a photo-enolization of an o-toluene-carbonyl
compound see {11].

5) For approaches to benzocyclobutenes, see a review [12] and more recent works [13] [14].

6) Because of the reported inaccessibility of I, Z=Ha [9] one of the above cited syntheses [9] was
directed towards D-homoestrone; bond ¢ was formed there by alkylation of a protected 2-methyl-
cyclohexanone-enolate which proceeded in only 16% yield.

7) The IR. and 'H-NMR. spectra and MS. of this compound are in agreement with the assigned
structure.
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—78°). The corresponding electrophilic benzocyclobutene reaction partner 67) (m.p.
45-55°) was obtained in 98% overall yield through the sequence8) 3 >4 — 5— 6.
Combination of the two building blocks 2 and 6 was accomplished by ir situ-cleavage
of the silylether 1 (1.0 mol-equiv. of MeLi/THF/25°/2 h) to 2, followed by slow ad-
dition of the bromooxime 6 (0.5 mol-equiv. over 45 min/THF/—75°) to give 7a7%),
isolated in high yield by direct crystallization after work-up of the reaction mixture
(ether/pentane, m.p. 110-120°, 77%)9). In previous model experiments 7b7) was
thermolysed (o-dichloro-benzene/160°/18 h) to give the isoquinoline 137)10) (51%,
presumably via an electrocyclization of the transient quinodimethane 1211)) rather
than the desired steroid skeleton. Accordingly the hemiacetal 7a was opened by
selective O-benzylation (10 mol-equiv. of benzyl bromide/3 mol-equiv. of 4-dimethyl-
aminopyridine/dry CH2Cls/25°/15 h) to give the oxime ether 87) (oil, 53% to 70%)
which on heating (o-dichlorobenzene/140°/6 h/argon) cyclized exclusively to the cis-
anti-trans-steroid 97) (glass, 50%). It thus follows that the crucial kinetically controlled
transformation 8 — 9 proceeds by a selective endo-addition of a quinodimethane
intermediate II leading to the expected anti-arrangement of the hydrogens at C(8)
and C(14)12). Hydrogenolysis of the benzyl ether (1 atm. He/Pd/C-10%/MeOH/25°/
18 h) yielded the crystalline oxime 107) (m.p. 193-195°, 73%) which was cleaved [22]
(excess ceric ammonium nitrate/MeOH/—30°/15 min) to the diketone 117) (m.p.
126-129°, 37%). The synthetic (+)-11 shows LTH-NMR., IR. and mass spectra iden-
tical to those of an authentic sample obtained from 3-methoxy-1, 3, 5(10)-trien-11,17-
dione 17-ethyleneacetal (by simultaneous acetal-cleavage and epimerization at
C(9) with THF/conc. aq. HCl-solution 5:2/25°/17 h). The conversion of aromatic
B, C-cis-fused 11-o0xo-steroids to B, C-trans-fused steroids and the transformation of
closely related derivatives of 11 to physiologically active products have been re-
ported previously [23] [24].

8) The acid chloride 37) was prepared from 4-methoxybenzocyclobutene-1-carboxylic acid (acces-
sible in 37% overall yield from 3-hydroxybenzaldehyde [9] {20]) with excess SOCl2/20°/20 h in
88% yield. Reaction of 3 with CH2Nz (5 mol-equiv.) in ether/0°/15 min, then excess of 47% aq.
HBr/0°/10 min yielded the crystalline bromoketone 57) (m.p. 86-87°) which was converted to
the oxime 67) (mixture of E and Z-isomers) by reaction with NH2OH - HCI (1.2 mol-equiv.),
sodium acetate (1.2 mol-equiv.) in acetic acid/20°/18 h.

9) The reaction 2+ 6 — 7a is the first reported substitution of a nonactivated enolate to an a-halo-
oxime. Additions of other carbon-nucleophiles, such as Grignard reagents [15], enolates of
1,3-dicarbony! compounds [15], dimethylcuprate [16] and 1-lithiobut-1-yne [17] to transient
nitrosoolefins have been described previously. In the reaction described here, it appears that
the adduct, formed initially from 2 and 6 gives the cyclic hemiacetal 7a rather than a free 4-keto-
oxime. In model experiments direct trapping of the conjugate adduct of 2-methylcyclopent-2-
enone and lithium pentynyl-vinylcuprate by the demethoxy analogue of 67) gave 7b7), m.p.
127-135° in lower yield (53%) than the corresponding reaction of the lithium enolate 2, prepared
from 1 (79% yield of 7b).

10y UV. (CHCls, Amax (nm)/log €): 238/3.70, 258/3.60, 266/3.59, 310/3.32, 322/3.35.

11} For a similar thermal reaction of a benzocyclobutenon-oxime ether see [21].

12y The trans-anti-trans-oxime benzylether, (C(9)-epimer of 9) prepared from the authentic 3-meth-
oxy-1, 3,5(10)-trien-11, 17-dione 17-ethyleneacetal did not epimerize to 9 on heating (o-dichloro-
benzene/140°/6 h) showing the kinetic nature of the stereochemical control in the reaction
8 — 9; the endo-preference, observed here, (which contrasts to previously reported exo-additions
1T — IIT [7] [9] [10)) seems to depend on the oxime ether-substituent (sp2-center as part of the
bridge; for other examples see [7]).
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