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Base induced oxidation converts the ketol (la) in the presence of
oxygen to the 2-hydroxy-1-en-3-one diosphenol which in turn undergoes a
base catalysed aldol condensation with benzaldehyde at C(1) from the B-face

of the molecule. This is followed by a benzilic acid type ring A

contraction and final esterification to give the lactone (2a), m.p. 267-268°,

Vnax 1750 cm™?! and T 4.83 and 7.31 (each iH, d, J 9.0 Hz, 1a-H and 1-H

respectively).

0
Br, CH,
CH,
*~cH,

(1) a, R = 0OH (2) B/C/D ring system as (3) a, lactone/A/B ring
b, R = OAc in (1) system as in (2a)

a, R = CgHs b, A/B ring system

b, R=H as in (ib)

This lactone is obtained in good yield when a mixture of the ketol (1a)
and benzaldehyde in aq. ethanol is treated with dilute sodium hydroxide in tne
presence of oxygen (over 50% crystalline yield from the reaction mixture);
the use of formaldehyde produces an analogous product (2b), m.p. 219-2200,

-1
Vimax 1770 em™! and T 5.76 and 6.01 (each 1H, t, Jlaa,laB 10.0 Hz)
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and 7.43 (1H, d, J 10 Hz, 1-H). A similar stereospecific reaction has
been reported] for formaldehyde and a steroidal ring D-Homo diosphencol.
Since geminal and vicinal electronegative substituents extend the range
of proton coupling constants,2 these values (Jl,1a 9.0 Hz in (2a) and
7.2 Hz in (3a)) could not be used to determine the configuration of the
nor-ring A/lactone system. However, stereochemical arguments indicated
structure (2a).

The two related 118-bromo compounds (3a), m.p. 270-272° dec.,
Jl,la 7.2 Hz and J9,11]2'h Hz, and (3b),3 J9’116.6 Hz, form stable
crystals but each readily exchanges its bromine for hydrogen under mild
conditions in the presence of proton donating solvents (e.g. acetolysis,
base hydrolysis and, for (3a), after a few minutes treatment with boiling
methanol) and it has not been possible to effect dehydrobromination.

The decrease in J9’]1 from 12.4 Hz in (3a) to 6.6 Hz in (3b)
reflects the steric interaction between the benzene ring and the
11B-equatorial bromine in (3a) which forces the 98 and the 11a hydrogens
into a more perfect transdiaxial conformation. In product (2a), the
benzene ring protects the 12-keto group from B-attack. Thus, while NaBH,
reduction of (1a) resulted in high conversion of the 12-keto group to a
12a-equatorial alcohol,3 similar reduction of {(2a) gave an easily separable
mixture of the 120- and the otherwise not readily accessible 12B-axial
alcohol in a 3:2 ratio respectively. This reversal of steric hindrance at
€(12) was even more pronounced when the bulkier LiAT(t-Bu0) sH was used;
the main reduction product from (2a) was the 12B-axial alcohol (70%
crystalline yield). Thus the long range shielding effect of the benzene
ring is more effective over the B-face of the molecule than the short range
protection afforded by the a-diaxially oriented D~ring towards the a-side of
the molecule.

Crystals of the 118-bromo compound (3a) C27H33Br0,, were orthorhombic,
space group P212:2;. a = 21.20, b = 11.42, c = 9.84 (x0.01R), U = 2382 R,
D, = 1.31 gem™%, z = b,

Intensity data were collected on a Philips four circle diffractometer
with Zr-filtered Mo-Ko radiation. The structure was solved by the usual
heavy atom and Fourier methods, and refined isotropically (Br anisotropic)
by block-diagonal least squares to R = 0.08 for 1230 observed data. (All
calculations were done with the local set of programs;h further refinement

is continuing.)
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The stereochemistry of the molecular skeleton confirms that the

rearrangements took place as suggested (Figure: a projection down a).
The bond tengths and angles are generally normal; Br-C(11) = 1.99 R.

7Me 16

Angle C(4)-C(5)-C(10) = 105°, while angle C(1)-C(10)-C(5) = 99°.
Similar distortions at analogous carbon atoms carrying an axial substituent
have been observed previously in related compounds.5 Methyl group €(20)
is in close contact with three groups: methyl C€(19)-3.33 R; hydroxy]
0(3)-3.25 R and C(15) of the bridge in the D ring -3.42 R. The latter
separation is distinctly larger than that found for the analogous pair of
atoms in a closely related molecule,5 in which the rings C and D are 5-

and 6-membered respectively.
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The nor-ring A/lactone system is twisted up and clockwise relative
to the average plane of ring C. This results in the torsion angle between
the hydrogen atoms on C(11) and C(9) being 173°, (consistent with the
observed coupling constant of 12.4 Hz). The torsion angle between the
hydrogen atoms on C{1) and C(1a) is 124°, again consistent6 with the
observed coupling constant of 7.2 Hz.

The distortions in the skeleton are caused by the short non-bonded
distance between the bromine atom and the benzene ring: Br--C(2') = 3.52,
Br--C(1') = 3.46 R. The strain is relieved also by angular distortion at
C(11) and C(1a) where the internal angles are opened up considerably:
c(9)-c(11)-Br = 113°, c(12)-C(11)-Br = 107°, C(1)-C(1a)-C(1') = 120°,
0(1)-C(1a)-C(1') = 106°,

It is evident that when the only substituents on C(11) are H atoms,
the benzene ring can approach C(11) more closely and hence shield C(12)
and 0(12) more effectively from above.
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