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The value of optically active amines as resolving agents,
as chiral auxiliaries, and as components of many important
biologically active compounds is well documented. Accord-
ingly, the development of practical methods for the produc-
tion of enantiomerically pure amines is of cardinal interest.
We recently have described the effectiveness of cationic Me-
DuPHOS-Rh and Me-BPE-Rh catalysts for highly enanti-
oselective hydrogenation of N-Ac-R-arylenamides to the
corresponding N-Ac-R-arylalkylamines.1 Despite the osten-
sible utility of this hydrogenation procedure, the dearth of
efficient methods for synthesis of the enamide substrates2,3

essentially has rendered this process unavailing, particularly
for industrial manufacture of enantiomerically pure amines.

In addition to the demonstrated use of enamides in
asymmetric hydrogenation reactions,1,4 they have found
application in numerous other areas of organic synthesis.5
In an effort to provide practical access to prochiral enamides
of type 2, we now have developed an efficacious two-step
route from simple ketones. We disclose preliminary results
that indicate that a range of new enamides may be prepared
readily and hydrogenated with high enantioselectivities
using the Me-DuPHOS-Rh and/or Me-BPE-Rh catalyst
systems. Conceptually, the combined three-step procedure
offers a novel method for asymmetric catalytic reductive
amidation of ketones (1 f 3).

Below we generically depict the method for enamide
synthesis, which involves transformation of a ketone into
an oxime of type 4 followed by subsequent reduction with
iron metal in the presence of acetic anhydride.6

We have identified several reaction parameters that
appear vital for success in the oxime reduction step. For
instance, performing the reaction at moderate temperatures
(e75 °C) attenuates otherwise problematic product decom-
position. Also, the introduction of acetic acid (3 equiv/mol
of oxime) leads to definite enhancement of the oxime
reduction rates. Finally, the use of a cosolvent (e.g., toluene)
is an important factor that, under these conditions, greatly
facilitates product isolation. The initial reduction mixture
generally consists of both monoacetyl and diacetyl products
that, through a simple 2 M NaOH wash, are converged into
the desired monoacetyl enamides 2 in moderate to good
yields (40-85%, unoptimized) and importantly in a high
state of purity.

Figure 1 shows representative examples of varied enam-
ides that have been produced using this method. Both
acyclic and cyclic ketones may be cleanly converted to
enamides via this method. When R′ is a non-hydrogen atom,
the enamides are formed as E/Z mixtures. With regard to
use of the latter enamides in asymmetric hydrogenation
reactions, the DuPHOS-Rh and BPE-Rh catalysts have been
found to be uniquely capable of reducing mixtures of E and
Z enamides with high enantioselectivities.1 Preliminary
studies indicate that when both R and R′ groups of oxime 4
possess enolizable protons, regioisomeric enamides are
formed. It is important to note that in most cases crude
enamides 2 isolated via this procedure were crystalline solids
of suitable purity to be employed directly in asymmetric
catalytic hydrogenation reactions (vide infra).
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Figure 1. Representative enamides produced through reduction
of ketone oximes.
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The synthetic procedure delineated above provides ready
access to many different types of enamides that previously
were unknown and have not been scrutinized in asymmetric
hydrogenation reactions. Accordingly, we have surveyed the
efficacy of the DuPHOS-Rh and BPE-Rh catalysts7 for
hydrogenation of several new enamides 2.

Initial experiments focused upon enamides derived from
the cyclic ketones 1-indanone and R-tetralone, respectively.
Enantioselective hydrogenation of these types of enamides
was unprecedented to our knowledge and could provide facile
access to valuable amines that have proven useful in drug
design efforts.8 Preliminarily we examined a series of
DuPHOS-Rh and BPE-Rh catalysts using a standard set of
parameters (catalyst precursor ) [(COD)Rh(diphosphine)]-
BF4, MeOH, 20 °C, S/C ) 500, 200 psi H2, 18 h). Under
these conditions, we observed smooth hydrogenation of 5 to
the desired 1-aminoindane derivative 6. The least sterically
encumbered Me-BPE-Rh catalyst was found to furnish the
product with the highest enantioselectivity (>99% ee). High
enantioselectivity also was achieved with the corresponding
Me-DuPHOS-Rh catalyst, which yielded 6 with 98% ee,
while the more sterically congested Et-DuPHOS-Rh catalyst
provided 6 with slightly lower selectivity (95% ee).

We next examined the R-tetralone-derived enamide 7.
Under the same conditions outlined above, hydrogenation
in the presence of (S,S)-Me-BPE-Rh afforded the desired
product (S)-8, but surprisingly only moderate enantioselec-
tivity was achieved (69% ee). Interestingly, in a parallel
experiment, the more structurally rigid Me-DuPHOS-Rh
catalyst effected only 50% conversion to 8, and no asym-
metric induction was achieved (0% ee).

As seen in Table 1, temperature had a large influence
upon enantioselectivity in the hydrogenation of 7 using the
Me-BPE-Rh catalyst. Higher temperatures resulted in a
diminution of the selectivity to 54% ee. In contrast, a
moderate reduction of temperature led to a striking increase
in the enantioselectivity, with 8 being produced in 90% ee
at 10 °C and 92% ee at 0 °C, respectively, and with little
apparent decrease in rate. Such a significant enhancement

of selectivity (∆ee ) 21%) over a 10 °C temperature range
(entries 2-3) does not appear to be consistent with simple
Arrhenius kinetic behavior and suggests that a mechanistic
interchange may be occurring as the temperature is lowered.
More detailed study clearly is required to ascertain these
points.

Another series of previously uncharted enamides are those
derived from dialkyl ketones. Equation 1 displays the
asymmetric hydrogenation of enamide 9, which was pre-
pared from pinacolone. A screen of our catalyst series
revealed that Me-DuPHOS-Rh was paramount for this
transformation. For example, when the (R,R)-Me-DuPHOS-
Rh catalyst was employed at S/C ) 1000, hydrogenation of
9 was complete within 5 min to afford (S)-10 in >99% ee.
Similarly, at S/C ) 5000 the (S,S)-Me-DuPHOS-Rh catalyst
induced complete conversion to (R)-10 within 8 h at 20 °C
with identical enantioselectivity (>99% ee).

In addition to the high catalytic efficiency and high
enantioselectivity, another interesting aspect of this reaction
is that the Me-DuPHOS-Rh catalyst yielded product 10 with
absolute configuration opposite to that predicted on the basis
of our previous results involving asymmetric hydrogenation
of R-aryl enamides.1 Hence, hydrogenation of 9 with the
(S,S)-Me-DuPHOS-Rh catalyst rendered (R)-10, whereas
hydrogenation of the corresponding phenyl-substituted ena-
mide with the same catalyst provides the (S)-phenylethy-
lamine derivative. Simple transmutation of an aromatic
group on an enamide of type 2 (R ) Ar) to a bulky alkyl
substituent (e.g., R ) t-Bu as in 9) results in a reversal of
the absolute stereochemistry observed in these hydrogena-
tion reactions. Further mechanistic study will be required
to provide a clear understanding of this observation.

Equation 2 illustrates the complete three-step reductive
amidation process for conversion of 1-acetyladamantane (11)
to the novel amine derivative 12 with high efficiency and
high enantioselectivity (>99% ee), and again with converse
absolute stereochemistry.

Overall, we have described the development of a practical
three-step process for asymmetric catalytic reductive ami-
dation of ketones. Several novel enamides were prepared
and hydrogenated with high enantioselectivities for the first
time. We presently are extending this process to other
ketones and also to enamides bearing different N-acyl
groups. These results will be reported in due course.
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Table 1. Temperature Effects in the
Me-BPE-Rh-Catalyzed Hydrogenation of 7

entry T (°C) % ee

1 50 54
2 20 69
3 10 90
4 0 92
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