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The E and Zisomers of 1-acetonaphthone oxime are isolated, characterized, and subjected to catalytic asymmetric
hydrogenation; the chiral products from the asymmetric hydrogenation reflect the effect of the £ and Zisomers on

the enantioselectivity of the reaction.

The homogeneous asymmetric catalytic hydrogenation of
prochiral C=N bonds has been an interesting subject for over a
decade.! Unlike the highly successful asymmetric hydrogena-
tion of prochiral C=C and C=O bonds,2 the asymmetric
hydrogenation of C=N bonds is usually less successful and
substantially less well understood.? Most of the past studies on
this subject focused on the asymmetric hydrogenation of
imines, unfortunately, the effect of E/Z isomerism on the
enantioselectivity of the reaction was not addressed clearly,
owing to the rapid interconversion of the £ and the Z isomers of
the imines studied.

_R! R
N . ON
re-C s fe-Cngs

In the study of the asymmetric hydrogenation of prochiral
imines by Kang et al., the investigators found the E/Z ratio of
the starting materials to be essentially constant during the
course of the reaction.* This observation was explained in terms
of two possibilities: (i) the rates of hydrogenation of the two
isomers were identical; or more likely, (ii) the rate of the
interconversion of the two isomers was much faster than the
rates of hydrogenation. Therefore, a rapid equilibrium of the
two isomers was maintained throughout the course of the
hydrogenation.

Oppolzer et al. found that cyclic sulfonimide (in which the
C=N bond was fixed in a ring system) was hydrogenated with
a Ru(BINAP) catalyst to give essentially quantitative optical
yields.> Similar success was achieved by Willoughby and
Buchwald in the asymmetric hydrogenation of C=N bonds in
heterocyclic compounds. Burk and Feaster achieved high
optical yields in the Rh(DuPhos)-catalysed asymmetric hydro-
genation of N-aroylhydrozones,” probably due to the preferred
coordination of one isomer forced by the bidentate chelation of
the hydrazones.

Because of the difficulty in isolating the £ and Z isomers of
most regular prochiral imines and studying their corresponding

Table 1. A comparison of the asymmetric catalytic hydrogenation of E- and
Z-1-acetonaphthone oxime<

Optical yields? for
the products from

Catalyst E-isomer Z-isomer
[Rh(NBD)(S-BINAP)]BF, 30 (S 66 (S)
[Rh(COD)(R.R-DIOP)]BF, 14 (R) 26 (S)
[Rh(NBD)(R,R-DIPAMP)|BF,4 8 (R) 15 (R)
[Rh(NBD)(R,R-Skewphos)]BF4 12 () 35(R)
[Rh(NBD)(R-Prophos)]BF4 11(S) 25 (R)

2 Substrate/Catalyst (mol/mol) = 250; solvent = methanol-benzene (v:v =
10:1); Py, = 1000 psig; reaction temp. = 100 °C; reaction time = 5 days.
& QOptical yields were determined using Mosher’s reagent.?

asymmetric hydrogenation, no information on the effect of E/Z
isomerism on the asymmetric hydrogenation of imine was
obtained.

In contrast to the rapid E/Z isomerization of imines, the E and
Z isomers of oximes and oxime ethers are much more stable and
in many cases both the £ and Z isomers can be isolated as
discrete species. Therefore the study of the asymmetric
hydrogenation the £ and the Z isomers of oximes and oxime
ethers will offer a great opportunity to probe the effect of E/Z
isomerism on the asymmetric hydrogenation of prochiral C=N
bonds.In this paper we report the first example of such a study
which gives a clear picture of the effect of the £/Z isomers.

Our criteria for choosing a suitable oxime for a definitive
hydrogenation study were: (i) the £ and Z isomers of the oxime
could be isolated separately and unambiguously characterized;
(i) both isomers could be hydrogenated under reasonably mild
conditions. After much screening we found 1-acetonaphthone
oxime to be an excellent choice for this study. This oxime was
easily prepared by the condensation of hydroxylamine with
1-acetonaphthone. The E and Z isomers were separated by
column chromatography with silica gel. The two isomers were
easily distinguishable by the different chemical shifts of the
corresponding methyl groups in !H NMR [tH NMR (CDCl3) E
isomer: 8(Me) 2.43; Z isomer: 8(Me) 2.31]. The unambiguous
characterization of the E-isomer was achieved by single crystal
X-ray diffraction.
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Both the £ and the Z isomers of l-acetonaphthone oxime
were found to be hydrogenated smoothly under 1000 psig at
100 °C with rhodium chiral phosphine catalysts. The optical
yields of the hydrogenation products from these two isomers
were found to be significantly different. In the cases of using
Rh(DIOP), Rh(skewphos) and Rh(prophos) catalysts, the
optical rotations of the reaction products from the £ and the Z
isomers were even found to be in opposite directions. A more
detailed comparison of the product enantiomeric excess (e.e.)
for the asymmetric hydrogenation is summarized in Table. 1.

Although the reactions have not been optimized and the e.e.s
listed in Table 1 are not very high, the data have important
implications, in that in the asymmetric hydrogenation of imines
and other C=N groups, one must consider the isomerization of
the E/Z isomers and their effect on optical yields.
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