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- The electronic transitions of the various chromophores of enol
lactones 3a - 3e are assigned. The configuration at C-~23 of the a-sulfanyl
substituted lactones 3b - 3e is determined.

Introduction.

One of the main problems associated with the synthesis of medicinally
important cardioactive sterocids, e.g. bufalin (2), from normal 1l4a-H
steroids is the introduction of the 148-OH group.3? Recently, we have shown
(see Scheme 1) that photochemical isomerization of 12-oxo-14a-steroids
(partial structure A) to unsaturated secoaldehydes of type B, followed by
Prins cyclization opens up a simple access to 12,148-diols (partial
structure C), whereas mesylates of type D furnish 12-unsubstituted compounds
of type B under solvolytic conditions.4.S3
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This methodology has successfully been exploited for the synthesis of
cardenoclides.¢* For the extension of this approach to the synthesis of
bufalin (2) via 1 emerges, however, the problem that it appears impossible
to effect selectively the photochemical rearrangement (A -> B) of a 12-oxo-
bufadienolide such as 1 by irradiation into the weak n -> x* band of the
keto group (A max 300 nm, € < 50) in the presence of the much stronger
absorbing 2-pyrone moiety (Amax 300 nm, € = 55006), which is known to react
from the excited state(s) to ring-opened products.?” To circumvent this
difficulty we planned to use for the photochemical rearrangement (A -> B)
23-gubstituted bufenolides such as 3b - 3¢ and to introduce the missing
22,23 double bond at a later stage of the synthesis (see 4 -> 2).2.8.9 In
the present study we assign the electronic transitions of the various
chromophores in 3a - 3e (the synthesis of which has been described
elsewhere?) on the basis of their UV and CD spectra. We also deduce the
configuration at C-23 in 3b - 3e by !H NMR, CD, and X-ray methods.
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The 23-unsubstituted bufenolide 3a as well as the methylsulfanyl and the
phenylsulfanyl compounds 3b and 3e show rather ill-defined UV spectra with
a maximum in the 220-240 nm region (Fig.1). The enol lactone chromophore has
been reported to absorb at 230-245 nm.19 Fig.2 reproduces the 300 nm part
of the UV spectra (approximately 2x10-3 mol/l solutions in acetonitrile) . A
shoulder around 300 nm in the spectra of both 3a and 3b is considered to
mark the n -> n* band of the 12-oxo group. In the spectrum of 3e this band
is hidden by stronger absorptions in this region.

More information about the overlapping absorption bands is furnished by the
CD spectra of 3a - 3e (Fig. 3-5). The absorption band of the enol lactone
chromophore around 240 nm is easily identified in the spectra of 3a, 3b, and
3¢, as well as the carbonyl n -> x* band at 300 nm. Due to the additional
presence of the aromatic chromophore, the CD spectra of the phenylsulfanyl
compounds 34 and 3e display a greater number of Cotton effecte, and in this
cagse the enol lactone band can not be assigned with certainty. Furthermore,
even in the CD spectra the carbonyl band at 300 nm is masked by other
absorptions. The latter observation is in accord with chemical results:
Whereas from 3b/3c upon photolysis a secoaldehyde of type B was obtained
which was ultimately converted into bufalin (2), we have been unable to
rearrange the phenylsulfanyl compounds 3d/3e into the corresponding
secoaldehyde.®
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confi £ £ 31 i 3 c-23
From the 400 MHz 1H NMR spectra of 3b and 3¢ it has been concluded that in
both compounds the methylsulfanyl substituent adopts an axial orientation
(3b: J22,22'= 18.1 Hz, J22,23 = 6.2 Hz, J22',23 = 3.4 Hz; 3c¢: J22,22' = 18.1
Hz, J22,23 = 6.2 Hz, J22',23 = 2.7 Hz). A similar situation has been
observed for a-sulfanylated ketones.i! At the axial position of the hetero
substituent dipolar interactions with the carbonyl group are diminished.

For ketones, axially a-substituted with Cl, Br, I, NRz, or SR, the
configuration at the a-carbhon can be derived from the sign of the Cotton
effect.1? This "axial haloketone rule" has been found to give the correct
configuration for «-amino and a-halo acids, too.13 From an application of
this rule to the methylsulfanyl compounds 3b and 3c (see projections 3b' and
3c'and Fig. 4) the 23S configuration is deduced for 3c and 23R for 3b.
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As in 3b and 3¢, an axial position of the sulfanyl substituent at C-23 is
indicated for 34 and 3e by 400 MHz 1H NMR results (3d: J22,22* = 17.9 Hz,
J22,23 = 4.0 Hz, J22+',23 = 6.0 Hz; 3e: Jz2,22'= 17.9 Hz, J22,23 = 4.9 Hz,
J22+,23 = 6.0 Hz).2 Since the enol lactone band in the CD spectra could not
be identified with certainty, recourse was made to an X-ray analysis for
establishing the configuration at C-23. Fig.6 shows the X-ray structure of
the 23S isomer 3e. The axial position of the phenylsulfanyl substituent
which was inferred from the !H NMR spectra is also clearly visible in the
crystal structure. The torsional angle Hr(22)-C(22)-C(23)-H(23) and Hs(22)-
C(22)~C(23)-H(23) are 51° and 72°, respectively. In Fig. 7, a standard
projection of the X-ray model from O towards C of the lactone (C=0) is
represented. Provided that the axial haloketone rule holds in this type of
compounds, too, 3e should display a positive enol lactone Cotton effect.
Since the broken-line curve in Fig. 5 was obtained from 3e, it is the 240 nm
band which can be assigned to the enol lactone absorption.
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Fig.6. X-ray crystal structure of 3e.

Fig.7. Projection from O towards C of the lactone-(C=0) of 3e using X-ray
data.

Fig.8. Superpositioning of the two independent molecules of 3e and the two
disordered structures in the unit cell (for further explanations, see
Experimental: X-ray structure analysis of 3e).
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Experimental
UV_spectra were recorded on a Philips Ph 8740 UV/Vis scanning spectrometer.

CD gpectra were measured at 20°C with a Jobin-Y¥von-ISA dichrograph Mark III,
using 0.5 mmol/l solutions in CH3CN. Data were collected on-line with a
PDP/8-e (5 or 10 data points per nm), and curve smoothing made use of the
Golay-Savitzky algorithm. The results are collected in Table 1.

Crystal data: Crystals of 3e for X-ray analysis were obtained from CH2Cl2-
hexanes.? C32H400s8 (536.7). Data collection and cell determination were
performed at 100K using a Nicolet R3/mv diffractometer with graphite
monochromized Mo-Ke radiation. The cell dimensions were derived from the
diffractometer angles of 40 centered reflections (20° < 20 < 25°). a =
10.968(4)8, b = 11.739(4)R, ¢ = 12.354(4)R, a = 64.44(3)°, B = 77.44(3)°,
v = 89.68(3)°, V = 1393.4(9)&2, Z = 2, Dx = 1.28 g/cm3, p = 0.15 mm-1. 3739
unique reflections, 20sax = 45°, 3508 of which observed (Fo 2 40(F)).
Structure solution and refinement:

Using SHELXTL-Plus software on a Microvax I1Ia, the structure solution was
performed with direct methods and refined with full matrix least squares.
With two independent molecules in the unit cell and the space group P1, only
slight conformational differences of both molecules were found with most of
the deviations in the S-phenyl group and the ester fragment. These groups
were found to be disordered and refined with site occupation factors of 0.5
at each independent molecule, resulting in four conformations. These are
shown in Fig. 8, with one conformation outlined, demonstrating the high
flexibility of the two functional groups, even in the solid state at low
temperature.

With rigid group refinement for the phenyl groups, riding hydrogen atoms
with fixed isotropic U of 0.05 and anisotropic U only for the sulfur atoms,
least squares converged with 440 parameters at R = 0.082, Rw = 0.086, w-1 =
62(Fo) + 0.000314-Fo2? and a residual electron density of 0.75e/A? of the
final model.

Further details of the of the c¢rystal structure investigation may be
obtained from Fachinformationszentrum Energie, Physik, Mathematik GmbH, D-
7514 Eggenstein-Leopoldshafen 2 (FRG), on quoting the depository number CSD
53601. Any request should be accompanied by the full literature citation for
this paper.

Tab.1. CD data (raax ( A e )) of bufenolides 3a -3e

3a 329 (-0.07), 297 (+1.25), 238 (+0.88)
3b 297 (+0.96), 263 (-7.66), 235 (+4.07)

3c 264 (+9.34), 234 (-5.30)
.04), 252 (+1.70), 240 (-2.28),

5
3d 310 (+0.20), 286 (+3
(-0.37), 211 (+1.35)
1
2

228 (+0.79), 220

3e 310 (+0.23), 284

(-1.58), 252 (-1.69), 241 (+1.77),
228 (-1.57), 211 (

.40)
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