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Synthesis of
33,163,23(R),26-Tetrahydroxy-53-cholestane!
Sir:

Steroidal sapogenins? bearing spiro ketal systems such as
smilagenin (1) are well-known plant constituents and even
occur (cf. 2) in certain marine animals.? Some 20 years ago
we* found that a reagent prepared from lithium aluminum
hydride and boron trifluoride in ethyl ether would readily
cleave the spiro ketal unit to yield the corresponding dihy-
drosapogenin and a series of new products. For example, ap-
plication of the reduction reaction to smilagenin (1) afforded
dihydrosmilagenin (3) and a mixture of polyhydroxy steroids.’
We now report that the latter substances correspond to the
hitherto unknown and potentially important C-22 and C-23
epimeric tetraols 4a and 4b. The novel introduction of oxygen
(presumably a new hydroboration sequence) was found to be
general for such spiro ketal systems and is illustrated in the
sequel utilizing smilagenin,

0002-7863,/78/1500-7781801.00/0

7781

alold )
H
LSmn\agemn thppulm-l
LiA1 H4
BF3+Et,0
THF CHy0R
Y
0
HO Ho

H

i ia' R =0H R =H
b.R=H R =CH

Boron trifluoride etherate (11 mL) in tetrahydrofuran (40
mL) was slowly (10-15 min) added to a cold (ice bath) mixture
of smilagenin (1, 1.0 g) and lithium aluminum hydride (1.0 g)
in tetrahydrofuran (50 mL). After 2 h the mixture was heated
at reflux for 3 h, cooled, and allowed to stand at room tem-
perature for 18 h, The reaction was terminated by addition of
water (100 mL) and the boron-containing steroids and dihy-
drosmilagenin were isolated by extraction with ether. After
solution in ethanol (10 mL) and addition of potassium hy-
droxide (1.0 g), water (0.5 mL), and hydrogen peroxide (1 mL,
30%), the mixture was warmed. The products were isolated by
dilution with water, extraction with ether, and careful chro-
matographic separation (through silica gel columns in series
at 50 psi, elution with 4:1 chloroform-acetone, and flame
ionization detection). Recyrstallization using acetone-meth-
anol led to dihydrosmilagenin (0.5 g), and two sets of tetra-
hydroxy sterols epimeric at C-22 (4a, 0.147 g of 22R, mp
137-138.5°C, and 0.071 g of 228, mp 115.5-119.5 °C, ab-
solute configurational assignments provisional) and C-23 (4b,
0.241 g of 23R, mp 196-202.5 °C with sintering from 193 °C,
and 0.050 g of 23S, mp 229.5-231 °C). Structural elucidation
by X-ray crystallographic methods of the tetraol melting at
196-202.5 °C allowed the unequivocal assignment
38,1683,23(R),26-tetrahydroxy-5G-cholestane (4b, 23R).
Comparison and interpretation of other physical measurements
(principally NMR and mass spectral), elemental composition,
and chemical degradation (e.g., to 58-cholestane) results for
this substance with that obtained for the other isomers allowed
the structural assignments noted above.

Based on our earlier mechanistic studies®? concerned with
metal hydride reduction of the steroidal sapogenin spiro ketal,
the lithium aluminum hydride-boron trifluoride etherate
catalyzed formation of dihydrosmilagenin (3) most probably
proceeds by an intermolecular hydride insertion (§ — 3) from
the least hindered side of intermediate 5 to yield the 22R de-
rivative. The competitive production of tetraols 4a and 4b may

©

08Fs

{e
zm

© 1978 American Chemical Society



7782

03 ca

Figure 1. Perspective of 33,168,23(R),26-tetrahydroxy-53-cholestane.

involve concomitant formation of a transitory vinyl ether such
as 6 that easily cleaves to olefin 7. Addition of in situ generated
diborane (hydroboration sequence) to the olefin intermediate
(7) would proceed mainly from the least hindered carbon po-
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sition (and side) to vield as major product the 23R alcohol. The
experimental observations, including the fact that dihydros-
milagenin (3) is not an intermediate in this unusual reaction,
seem consistent with such a mechanistic pathway.

Single crystals of the C-23 R isomer of tetraol 4b were ob-
tained from a saturated acetone and methanol solution. Pre-
cession photographs revealed Laué symmetry and systemati-
cally extinct reflections corresponding uniquely to monoclinic
space group P2; with cell constants a = 17.826 (5) A, b =
7.682 (2) A, c = 10.996 (4) A, and 8 = 122.38 (2)°. Crystal
density, measured by flotation in carbon tetrachloride-toluene,
was found tobe 1.12 g em=3 (pcajeq = 1.14 gem™3, for Z = 2).
Diffraction intensity measurements were made on a Syntex
P1 four-circle diffractometer using graphite monochromated
CuKa (A = 1.54178 A) radiation. Reflections were scanned
in a variable speed (between 1 and 12 deg min~1) 26-6 mode.
Of 2849 reflections measured with (sin §)/x < 0.50 in one
quadrant of reciprocal space, 2645 unique reflections were
accepted with | Fo| > 0. Corrections were made for Lorentz
and polarization effects but not for absorption (u = 5.4 cm™1)
or extinction.

Direct methods were used to solve the structure using
MULTAN.74.% Large-block least-squares refinement® with
anisotropic thermal parameters, fixed C-H hydrogen positions
(placed at idealized locations 1.0 A from respective C atom),
and variable O-H hydrogen positions (located by a difference
Fourier synthesis) converged at residual R = 0.058 and R,, =
0.048, where weighted residual R,, = (Sw(|Fo| — |F¢|)?/
Zw|Fo|)12 and w = 1/ar 2. Since 38,168,23(R),26-tetra-
hydroxy-58-cholestane was obtained by reduction of the 58-
cholestane, smilagenin, the absolute configuration and con-
formation displayed in the perspective view in Figure 1 are
those of the correct enantiomer.

Naturally occurring sterols bearing oxygen at C-22 or C-23
such as the insect molting hormone a-ecdysone!? (8) and the
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new soft coral component 9!! require extensive structural
maneuvers to elaborate the necessary side-chain oxygen sub-
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stituents. The unique one-step conversion of steroidal sapo-
genins to C-22 and C-23 alcohols greatly improves the acces-
sibility of such intermediates for synthetic purposes.
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Quantitative Assessment of pp—o Overlap in a
Topologically Convex Triene. Electronic and
Crystal Structure Analysis of C)s-Hexaquinacene
Sir:

C1s-Hexaquinacene (1) is the third and newest member!
of a select group of trienes, which includes triquinacene (2) and
cis3-1,4,7-cyclononatriene (3), whose constituent double bonds
adopt an arrangement potentially suitable for effective pp-o
overlap.? Thus, the question arises as to whether one or more
members of this series might partake of neutral homoaromatic
character.? Photoelectron (PE) spectroscopic investigations
of 3% have revealed a sizable interaction between its = bonds.
The energy difference between the bands corresponding to
ionization from the e(w) and a; () orbitals was found to be 0.9
eV. This split corresponds to a resonance inteiral (B8) of =0.3
eV, a value consistent with the distance (2.46 A)> between the
ethylene units. Although the distance in 2 (2.533 A)® is close
to that found for 3, a split of only 0.35-0.4 eV has been found.”
This difference between 2 and 3 has been explained by hy-
perconjugative effects.”® Thus, in 3 the interactions of e(r)
and a, () with the o frame are of similar magnitude, while in
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