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As part of a photochemical study we required some pairs of epimers of cls and trans 2-atkyl!-
-2-methy|-4-t-butyicyclohexanpnes (l) and (l1), and these were synthesized by the alkylation of
2-methy|-4-t-butylcyclohexanone or by the methylation of the corresponding 2-alkyl-4-t-butyl-
cyclohexanone (2). |t is known that such alkylations are not stereospecific and lead to a mix=
ture of epimers (2) and that the main product has been reported to occur from equatorial, and
not axial alkylation (3). The exact stereochemistry was based on the ozonolysis of eipmer pairs
(e.g., the methallyl ketcnes (lc, llc) to acetony! ketones (1f, |1f) and the alky! ketones (lIb,
11b) to the keto-acids (le, lie), and then alkaline and acid cyclization of these derivatives
to bicyclic enones and diones., However, the resulting stereochemical assignments were found to
be Ir disagreement with NMR solvent effects on the C-2-methy! signals (3). It was suggested
that a non-chair conformation existed for all these ketones, From the examination of the NMR

spectra of cls and trans-2-methyl, 2,2-dimethyl, and 2—me+hy|—2-me+hyI-d3-derivaﬂves of 4-t-

a R = CH3
b CH,=CH=CH,
c CH,=C(CH, )=CH,,
__!_ d CHp=CH(CHS)
e CH,~COOH
o an ¢ CH,~CO-CHy

butylcyciohexanones, Caine {4) suggested that the oriainal assignments should be reversed, and
that the chemical evidence (3) was not unequivocal.

In fact, a prelimirary study of the photochemistry of compounds (lc) and (llc) feads us to
believe that the original assignments should be reversed, since on irradiation in benzene (lc)

was converted into (llc) whereas (11c) gave products not yet characterized but no conversion to
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{lc) was observed. The fluorescence spectra of (lc) and (llc) also gave unexpected results,
since (lc) fluoresced about three times more efficiently than (llc). As a consequence of our
ear|ier work, we predicted that deactivation of the SI state would occur more readily when the
C=C group was accessibly positioned In the plane of the carbonyl, as with the fluorescence
quenching of alkyl ketones with electron fich olefins (5).

We wish to report the use of fluorescence spectra as a probe to molecular structure, which
leads to an unambiguous assignment of the structures of (lc) and (llc).

Work in these laboratories (6) with the two epimers of 2-n-propyl-4-t-butylcyclohexanones

(111) and (1V) has shown that (I1V) fluoresces mych more strongly than (1I!), i.e., the singlet

|ifetime of the clis epimer is shorter than that of the trans epimer (1V) due to the more facile

0
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deactivation of the SI state of the cyclic ketone by intramolecular & -hydrogen abstraction in
the plane of the carbonyl. We have used this evidence to assign the structures of (ic) and (llc)
by use of the hydrogenation products (1d) and (11d). Measurement of the fluorescence spectra
showed that (ld) fluoresced about five times more efficiently than (11d), i.e., according to the
original assignments, and this is the reverse of what would be expected on previous evidence.

Therefore, we suggest that the original assignments (2,3) should be reversed, since the equa-

torial isobutyl group should lead to a shorter singlet lifetime. Table | summarizes our results,

using the new assignments.
TABLE |2

rel b rel
(Df ° ﬂf

1.00 —J——Lﬁ 1.00

(a) O0.IM solution in spectrograde n-hexane, grel based on the peak heights of emission at
405 nm., excitation at 313 nm. (b) From reference 6.
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We feel that the use of comparative fluorescence spectra of two epimers will serve as a
method of providing further evidence of the assignments for 2,2-dialkylcyclohexanones for the
cases in which only one of the alkyl groups possesses a hydrogen atom ¥ to the carbonyl.,

1¥ the correction of the first structural assignments of all epimeric ketones |1l (3) is
taken into account, it is clear that (4): (a) the signal of an axial C-2-methy! group resonates
at lower field ( 6 1.07 to 1.15 ppm) than that for an equitorial one (6 0.99 to 0.98 ppm) in
CCI4, and they are respectively shielded and deshielded in C6H6; (b) all the 06 rings assume
the chair form; (c) in all cases the product from axial alkylation is predominant. Furthermore,
it Is now clear that the structures of the products from cyclization of the ketones (le), (Ile)
and (if, (1if) (3) should be reassigned. The keto-acid (le) undergoes cyclization in preference
to (!le), fe giving the bicyclic dione (V) under acidic conditions, The acetonyl ketone (11f)

gives a higher yleld (98%) of cyclization product under basic conditions than If (48%). This

o
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result is possibly due to easier axial attack of the anion from IIf to yield VI.
We also studied the photochemistry of the ketones (1d) and (11d) in the hope that one could

also prove the structures using the fact that there is a sterecelectronic requirement for the

Type 11 photoelimination (6,7) and, therefore, only the compound with an equatorial isobutyl
group would give rise to Type || elimination. The reactions were conducted in neat plperylene
(to quench T, reaction). However, photoisomerization still occurred and the Type Il product

(2-methyl-4-t-butylcyclohexanone) was formed from both epimers. This is interesting, since It
means that the X-cleavage of the cyclohexanone is coming from the S| state or a very short-!ived
T excited state. Yang (8) has recently reported that he could only partially quench the photo-

isomerization of the cis and trans-9-methy!-l-decalones.
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