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The problem of the configurations of the six epimeric perhydrophenanthrenes
was dealt with by Linstead and coworkers in the classical series of papers publi-
shed in 1942 and in 19501. In these publications the stereochemistry of a few
ketoperhydrophenanthrenes was correlated with that of perhydrodiphenic acids of
known configurations. However the configurations and the relative stabilities of
the perhydrophenanthrene hydrocarbons have not been established until very
recentlyz. Conventional equilibration techniques could not be applied to these
hydrocarbons since they cause extensive skeletal isomerizations3.

We report here on the use of the previously described method for the
equilibration at tertiary carbon atoms4 for the assignment of configurations to
these hydrocarbons.

A sample of perhydrophenanthrene obtained by hydrogenation of phenanthrene5
over Raney nickel, which consisted of a mixture of the six epimers [labelled A
to F according to their reciprocal retention times in glpc analysis (fig. 1a)]6,
was irradiated with 254 nm light7 in an evacuated tube, in cyclohexane solution
and in the presence of an excess of mercuric bromide. After ca. 18 hr irradiation
of this mixture of epimers, the glpc analysis revealed that the amounts of B and
C increased while D,E, and F dissapeared, and that the amount of A was only
slightly changed (fig. 1b)8. After additional irradiation (40 hr), however,
analysis by the method showed a striking increase in A and a decrease of B and
Cc (Fig. 1¢).

Furthermore, irradiation of the pure epimer under identical conditions
(fig. 2a) resulted in a mixture of B and C (fig. 2b), both of which, after
continued irradiation, were almost completely converted into A (fig. 2c). We
have also irradiated cyclohexane solutions of B and C in the presence of mercuric
bromide and observed their slow conversion to A. On the other hand the epimer A

did not change even after prolonged irradiation.
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Fig. 1.Glp chromatogram of: (a) the mixture
of six perhydrophenanthrenes obtained by
hydrogenation of phenanthrene over Raney
nickel; (b) the same mixture after 18 hr
irradiation in the presence of HgBr,;

(c) the same mixture after 40 hr irradia-

tion in the presence of HgBrz.
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Fig. 2. Glp chromatogram of:

(a) perhydrophenanthrene F;
(b)epimer F after 5 hr irradia-
tion in the presence of HgBr,:;
(c)epimer F after 200 hr irraéia-

tion in the presence of HgBrz.

These experiments clearly show that the six epimeric perhydrophenanthrenes

can be arranged according to their relative stabilities in the following three

groups. a) The least stable compounds D, E, and F; b) the more stable compounds

B and ¢ and ¢) the most stable epimer A.

It may be reasonably assumed that the most stable epimer A has the "all

trans" configuration, la (fig. 3). Furthermore, since the epimerizations must

occur in a stepwise manner through a series of inversions at a single tertiary

carbon atom, each of D, E, and F can be assigned one of the structures 14, le

or 1£, and one of the structures 1b and 1c must thus belong to either B or C

(fig. 3).
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Fig. 3 Ta ()

1b (B) 1c (C)

id (D or E) 1e (D or E) : 1€ (F)

In order to decide between the alternative structureswe have resorted to
the results of Linstead and coworkersle: Hydrogenation of 9-phenanthrol over
platinum gave the "all-cis" 9—hydroxy—perhydrophenanthrene9, which was oxidized
to the 9-ketone 2a, the latter was then epimerized with acid to 2b1e.\clemmensen
reduction of the ketone 2b resulted in the hydrocarbon 1c¢, while similar reduction
of 2a gave a 2:1 mixture of 'f and 1c. The hydrocarbon 1f was found to be identi-
cal with F and 1c with C.

2a 2b

In this manner configurations were assigned to four of the epimers of
perhydrophenanthrene, while the choice between 1d or 1e for D and E could not be
determined. ‘

The differences in free energy between any of the epimers belonging to the
least stable group (1d, le or 1f) and any of the more stable ones (1b or 1c)
should be greater then ca. 3 kcal/mol, since after a relatively short irradiation
(before the formation of t1a) the proportion of the least stable epimers was <1%1o.

Similar energy differences probably exist between 1b or 1c and the most
stable epimer la, although complete equilibration could not be reached in our

experiments.
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