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ABSTRACT

1a, Ry= Ro=CHs
1b, Ry= Rp=H

A synthesis of steroid—polyquinane hybrids, a new class of molecular entities, is described.

There is growing interest in design and synthesis of hybrid
molecules that combine features of two structurally different
classes of compounds® Such hybrids comprise structures
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that could possess interesting physical, chemical, and most
importantly, biological properties. Many of these hybrids,
for example, estronetalaromycin! estrone-enediyne?
steroid-baccatir?® estroger-antharancenedior®®, and
steroid-anthraquinone hybrids, are based on natural products.
Steroids constitute an important subunit in the design of hy-
brids on account of their established biological importahce.
A key step in our synthesis of hybridsis the conversion
of the hexacyclic intermediateés(Figure 1) via the known
oxa-di-z-methane rearrangeméntCompounds3a,b are
prepared by standard modification #{see Scheme 2) and
5 (see Scheme 3), respectively, which in turn were derived
from NalQ, oxidation of a suitable estrone derivative to
spiroepoxydienon& (see Scheme 1) (Scheme 3), and
subsequent in situ trapping with cyclopentadiene.
We report here our initial results on the synthesis of novel
steroid—polyquinane hybrids of typg from estrone (Figure
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Scheme 2

1a, R1= R2= CH3 2
1b, Ry=Rp=H

3a, Ry= Ro= CH3
3b, Ri=Rp=H . . .
a . 0,

Hexacyclic intermediate Reagents and conditions: (i) Zn, Y€, dry dioxaneA, 45%.

(ii) NaH, CHgl, THF, A, 71%. (iii) HCI, acetone, 84%.

Figure 1.

with NalO, in CHCL—H,O containing cetyltrimethyl-
1). This is the first report on steroitpolyquinane hybrids.  ammonium bromide (CTAB) and cyclopentadiene gave
Our choice of polyquinane stems from its promising biologi- adduct4 as a 70:30 mixture of sterecisomers (600 Mtz
cal activity’ as a potential anticancer or contraceptive agent. NMR) presumably via in situ generation @and subsequent
A synthesis of these hybrids would allow future access to interception with cyclopentadiene (Scheme 1). The spiro-
various analogues for evaluation of their biological potential. cyclohexadienond0 generated by oxidation d did not
Estrone (2) was protected as a ketal and then subjected tdindergo cycloaddition under the reaction conditions but
hydroxymethylation, which gave an inseparable mixture of allowed clean separation 4fand101°We could fully assign

2- and 4-hydroxymethyl derivative® and 9, respectively,
in a 5:1 ratio (300 MHZH NMR).® Oxidation of this mixture

Scheme B

aReagents and conditions: (i) ethyleneglyqmiTsOH, GHs,
A, 78%. (ii) KOH, HCHO, dioxane H,0, 34%. (iiij) CHCk—H.0,
CTAB, NalQ, cyclopentadiene4:10 = 45:15%.

the 13C and'H (600 MHz) NMR spectra fo# and 10 and
hence confirm these structures. However, no suitable crystals
of 4 and 10 could be obtained for an X-ray diffraction
measurement.

Scheme 3

aReagents and conditions: (i) HCI, THF, 90%. (ii) CHCI
CTAB, NalQ,, cyclopentadiene, rt, 42%. (iii) Zn, Nj@l, CH;OH—
H20, 42%. (iv) (a) CrG—H,SO,. (b) THF—HO, A, 30%.
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Reductive deoxygenation of adduétwith zinc in dry
dioxane containing ammonium chloride gale(as a syn—
anti mixture), which was alkylated tt2 with methyl iodide/
NaH/THF. Hydrolysis of the ketal unit in2 with HCI in
acetone gave crystallirga (Scheme 2). The structure 8&
was confirmed by X-ray diffraction (Figure 23725 In this

Figure 2. Diagram of compoun@a thermal ellipsoids depicted
at the 50% probability level (hydrogen atoms omitted for clarity).

Analogue3b, which lacks the gem-dimethyl group, was
prepared as shown in Scheme 3. Upon hydrolysis of the ketal
group, the mixture of8 and 9 gave an easily separable
mixture of 13 and 14. Oxidation of13 with NalO, in the
presence of cyclopentadiene gave addiia intermediate
7)10 Reduction of the oxirane ring with zinc-NBI in
methanol—HO gave the3-hydroxy ketonel5, oxidation of
which with Jones’ reagent followed by decarboxylation
afforded the desired diketorb (Scheme 3).

With substantial amounts of hexacydfig’-enones8aand
3b in hand, we were now ready to explore the crucial
photochemical reactions, being mindful that the structural
and functional complexity of our substrates, especially the
presence of a carbonyl group and a double bond in five-
membered rings, could undergo other known photoreactions.
First a solution of compounda in dry acetone (solvent as
well as a sensitizer) was irradiated for 45 min, under nitrogen,
and gave a clean reactidhCareful chromatography of the
photolysate gave, in good yield, the prodletas the result
of a 1,2-acyl shiff® Similarly, irradiation of3b in dry
acetone for 35 min gave photoprodudi (Scheme 4). The

way the structure ot was also confirmed. It also clearly || N

showedr-facial selectivity in the Diels Alder cyloaddition
of cyclopentadiene and spiroepoxycyclohexadienor'h
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NMR (75 MHz, CDCE): 6 220.54, 217.35, 133.74, 131.88, 57.66, 51.75,
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of d, J = 6 Hz, 1H), 5.40 (m of dJ = 6 Hz, 1H), 3.26—3.18 (m, 1H),
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MHz, CDCk): 6 5.74 (m, 2H), 2.86-2.72 (m, 2H), 2.52-2.24 (m, 5H),
2.20—2.00 (m, 3H), 1.98—1.22 (m, 9H), 1.10 (s overlapped with a m, total
4H, CH; and 1 other proton), 0.94 (s, 3H, @}10.88 (s, 3H, CH), 0.79—

0.68 (m, 1H).13C NMR (75 MHz, CDC}): é 220.60, 220.51, 134.05,

Scheme 4

3a,R,;=R,=CH,
3b,Ry=Rp=H

1a, R;=R,=CH,
1b, R, =R,=H

a Reagents and conditions: (i) acetohe, 3ato 1a, 55%;3b to
1b, 45%.

structures of the photoproducts were clearly deduced from

their spectral data.

In summary, the synthesis of novel sterefgblyquinane
hybrids, a new class of molecular framework, has been
presented. The methodology involves transformation of the

, (11) X-ray Measurement #a. All data were collected from shock-cooled

crystals on an Bruker Nonius Apex three-circle diffractometer (graphite-
monochromated Mo Kaadiation,A = 71.073 pm) equipped with a low-
temperature device at 193(2)'KAn empirical absorption correction was
employed for structur@al® The structure was solved by direct methods
(SHELXS-979) and refined by full-matrix least-squares methods against
F2 (SHELXL-97Y). Rvalues: Ry = S||F| — |F||/S|R|, WRz = [Sw (Fo?

131.85, 55.48, 52.67, 51.49, 50.35, 49.79, 49.25, 48.24, 45.19, 44.90, 42.61~ FA2SW(R)F?S5, w = [s2(Fod) + (0:1P)2 + 2P| L, P = 1/3[max(R2, 0)

38.73, 37.46, 35.80, 31.93, 29.21, 28.93, 24.14, 23.73, 21.72, 18.42, 14.16
HRMS: found, 365.2479 (M+ H); calcd for GsHsz:0,, 365.2475.
Compound 3a.Mp: 146—147°C. IR (film, cm™1): 1739, 1717 cm™. H

NMR (300 MHz, CDC}): 6 5.59 (m, 1H), 5.38 (m, 1H), 3.263.10 (m,

1H), 3.0—2.90 (m, 1H), 2.80 (br s, 1H), 2.62 (br s, 1H), 222540 (m,

2H), 2.30—1.75 (m, 7H), 1.70—1.15 (m, 8H), 1.10 (s, 3H,4EH..0 (s,

3H, CHg), 0.87 (s, 3H, Ch). 13C NMR (75 MHz, CDC}): 6 219.32, 216.35,
138.37, 132.42, 130.20, 128.34, 57.56, 50.15, 48.89, 48.48, 48.11, 47.19
44.56, 38.51, 38.29, 35.65, 31.86, 28.75, 28.06, 26.99, 26.19, 25.20, 24.08
21.55, 14.03. HRMS: found, 364.2398; calcd forsids,0,, 364.2402.
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~+ 2F7. 3a CpsH320,, monoclinic, space group2;, Z=2,a= 1134.37(7)

pm, b = 644.85(4) pmgc = 1377.45(11) pma = 90°, b = 97.9340(10)°,
g=90,V=09.9796(11) nriy r. = 1.213 Mg/n¥, 6394 reflections measured,
4063 uniqueRy[l > 2s(l)] = 0.0375, wR(all data)= 0.0945,g; = 0.0570,

g2 = 0.1804 for 248 parameters and 1 restraint. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydrogen atoms
of the molecule were assigned ideal positions and refined isotropically using

,a riding model withUis, constrained to 1.2 times théyq of the parent atom
Jin the case of C(sp- and 1.5 times for C(sp-bonded hydrogen atoms.

Crystallographic data (excluding structure factors) for strucBbréhave
been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-203382. Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [Fax: (internationalj- 44(1223)336-033. E-mail: deposit@
ccdc.cam.ac.uk].
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pounds with g3,y-enone chromophore. The methodology

constitutes an example in which molecular complexity is ~ Note Added after ASAP Posting.Scheme 1 contained a
generated early on in the [2 4] cycloaddition, a most  graphical error and the Scheme 3 footnote was incorrect in

desirable criterion in synthesis design and development ofthe version posted ASAP May 29, 2003. The corrected
methodologyt? version was posted June 3, 2003.
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