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A STRIKING DIFFERENCE BETWEEN THE STEREOCHEMICAL COURSE OF THE
PHOTOLYSIS OF 5-HYDROXY 6-0X0 STEROIDS AND THEIR BICYCLIC ANALOGUES

Shirley Stiver and Peter Yates*
Lash Miller Chemical Laboratories, University of Toronto

Toronto, Ontario, Canada M5S 1Al
Abstract: While 5a- and S5B-hydroxy 6-oxo steroids undergo stereospecific photoisomerization,
their bicyclic analogues give identical product mixtures on photolysis. This is attributed
to equilibration of the intermediate acyl alkyl diradicals in the bicyclic case, which does
not occur in the steroid case because of slowing of rotation about the C-9 - C-10 bond.

We have recently discussed the stereospecific photoisomerization of the steroidal a-ketols

1 and 2 to the lactones 3 and 4, respectively, in benzene or ethanol.] We then reported that
the bicyclic a-ketols 5 and 6 do not show this stereospecificity and now discuss the difference
between the photochemistry of these and the steroidal a-ketols.
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Compounds 5 and 6 in benzene both gave the lactones 7 and 8 in a 96:4 ratio (Scheme 1).
In ethanol they gave 7 and 8 in essentially this ratio and the esters 9 and 10 also in this ra-
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tio. The lactone/ester ratio was 43:57 in each case. The structures of the major products 7
and 9 were established by their elemental composition and ]H and I3C nmr spectra and by compari-
son with authentic samples obtained by Baeyer-Villiger oxidation of 11 and 12 and treatment of
the resulting lactones with ethanol and Amberlite. The minor products 8 and 10 were identified
by gc comparison with authentic samples. The product ratios were measured by gc.

That the ester 9 is a primary photochemical product and does not arise by ethanolysis of 7
was indicated by gc, which showed that 9 is formed early in the reaction and that the lactone/
ester ratio remains constant throughout the photolysis and after further prolonged irradiation
in ethanol. Irradiation of 5 in benzene for 0.5 hour (v10% of the time required for complete
consumption) gave a photolysate whose ]H nmr spectrum showed the presence of 6 and the keto al-
dehyde 13 in addition to 7 and unconsumed 5. Gc monitoring showed that 6 and 13 each reached a
maximum of ~20% of the volatile components of the photolysate in the early stages of the reac-
tion.

h
v.(300 nm) 6 + CHO v 7
CgHg
13

Irradiation of the 2a-deutero ketols 14 and 152 in benzene gave in each case a 27:60:13
mixture of deuterated lactones 16-18 as determined by W nmre spectroscopy.

hv (300 nm), +
M:,D C6H6
X
14 X = o-OH 16 17 X = a-D
15 X = g-OH 18 X = g-D

As for 1 and 2 the formation of the photoproducts isolated from 5 and 6 can be interpreted
in terms of the intermediacy of acyl alkyl diradicals and ketenes of types 19 and 20; the con-
version of 5 to 6 and 13 can also occur via 19.3 Thus the lack of stereospecificity implies
that the alkyl radical centre in 19, unlike that in its steroidal analogue, does not retain its
configuration in the course of hydrogen transfer to give 20.4
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A factor favouring the retention of configuration in the steroids is the non-planarity of
the 1-hydroxycyclohexyl radical moiety.5 This holds the electron-deficient alkyl radical orbital
in an intermediate of type 19 in a favourable orientation for hydrogen abstraction to give a ke-
tene of type 20. A planar radical would not be so oriented and, further, should give a keto al-
dehyde via abstraction of the hydroxyl hydrogen by the acyl radical - a product not observed in
the steroid series. However, this cannot be the critical factor since a diradical of type 19
formed from the bicyclic ketols would also have a non-planar 1-hydroxycyclohexyl radical moiety.

We postulate that the critical factor is the rate of hydrogen abstraction by this radical
relative to ring6 and radical centre inversion. For the steroidal ketols it is considered that
hydrogen abstraction is faster because the CD ring system restricts rotational motion about the
C-9 - C-10 bond in intermediates of type 19 and the C-5 radical centre and the acyl radical are
held in close proximity. Clockwise rotation about the C-7 - C-8 bond of the incipient acyl radi-
cal would minimize eclipsing interactions7 and to result in the approach of the 7a-hydrogen atom
to the alkyl radical and thus account for the observed] exclusive transfer of the deuterium atom
in the 7a-deutero steroidal ketols via transition states of type 21. For the bicyclic ketols we
consider that the rate of hydrogen abstraction leading to ketene formation is slower because of
the greater flexibility of the acyl side chain in intermediates of type 19. This results from a
lower activation barrier to rotation about the C-4 - C-4a bond analogous to the C-9 - C-10 bond
in the steroids. Hence equilibration of the 1-hydroxycyclohexyl radical moiety occurs prior to
hydrogen abstraction and both ketols give the same products. Evidence supporting the postulate
that the acyl side chains of the diradical intermediates in the bicyclic series have greater
flexibility than those of the steroidal diradical intermediates comes from T] relaxation correla-
tion times. Ester 9 and an analogous steroidal ester were used as models. The smaller NT}va]ues
for the carbons (N = no. of protons on the carbon) of the acyl side chain of the steroid relative
to those of 9 confirm that its molecular motion is more hindered.8

The preponderant diradical is postulated to be 22, giving the ketene 23, which accounts for
the high yield of lactone 7 relative to 8 (Scheme 2). Its preponderance is attributed to the
equatorial placement of both the hydroxyl group and the acyl radical side chain. This proposal
is in accord with the formation of 6 from 5 at an early stage and of 13.9 It is also concordant
with the fact that the 2a-deutero ketols 14 and 15 give an identical mixture of the deuterated
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lactones 16-18; the formation of these lactones can occur via transition states 24 and 25 de-
rived from Zoz—deu*cer'o-zz.]O The relative energies of these are expected to be similar since the
acyl radical group is axial in 24 and equatorial in 25, but the former is stabilized by hydrogen
bonding. Thus reaction can proceed via both transition states to give a mixture of ketenes 26

and 27, which give a mixture of 16 and 17/18, respectively (Scheme 3).]]
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The ratio of the 3-deutero lactones 17 and 18 (72:18) can be interpreted as involving steric
approach control in a concerted reaction of the hydroxyl and ketene groups via a four-membered
ring transition state. This is in contrast to the steroid ketols where hydroxyl labelling with
deuterium gives resu]ts] that suggest product-development control in such a transition state.
This can again be attributed to difference in the flexibility of the side chain - here the ketene
side chain. This difference also accounts for the formation of hydroxy esters from 5 and 6, but
not 1 and 2, on photolysis in ethanol.
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