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The kinetic resolution of racemic mixtures is a powerful method
for preparing enantiomerically enriched compounds,1,2 complement-
ing approaches such as asymmetric synthesis and classical resolu-
tion. Of course, the use of a chiral catalyst, rather than a
stoichiometric reagent, to effect the kinetic resolution can be
advantageous from the standpoint of considerations such as cost
and efficiency. To date, there are only scattered examples of kinetic
resolutions that capitalize on a 1,3-dipolar cycloaddition as the key
enantiomer-differentiating step;3 to the best of our knowledge, none
of these methods exploits a chiral catalyst.

We recently described the development of a new copper-
catalyzed reaction, the asymmetric [3+ 2] cycloaddition of
azomethine imines with terminal alkynes (eq 1),4 a process that
likely involves reaction of the dipole with a copper acetylide
generated in situ.5 Our initial investigation focused on couplings
of achiral azomethine imines with alkynes to furnish bicyclic
pyrazolidinone derivatives, a family of molecules with interesting
bioactivity.6 More recently, we decided to explore the use of copper/
phosphaferrocene-oxazoline catalysts for the kinetic resolution of
racemic mixtures of azomethine imines; the resulting highly
enantioenriched dipoles could then be reacted with nucleophiles
or dipolarophiles to afford a wide array of useful monocyclic and
bicyclic pyrazolidinones.7,8

For our initial studies, we chose to investigate the kinetic
resolution of azomethine imine2 (eq 2). We were pleased to
discover that, under the conditions that we had previously described
(eq 1), CuI/1-catalyzed cycloaddition with ethyl propiolate leads
to effective kinetic resolution of the dipole (eq 2;s ) selectivity
factor ) [rate of fast-reacting enantiomer/rate of slow-reacting
enantiomer]). Upon surveying other ligands, we determined that
phosphaferrocene-oxazoline3 furnishes a selectivity factor higher
than that of1 and allows the use of a lower catalyst loading (eq 2).

We have examined the influence of the alkyne on the selectivity
factor for these kinetic resolutions of azomethine imines (Table
1).9 A variety of electron-poor alkynes provide useful selectivities

(s > 10),10 with ethyl propiolate and 4-(trifluoromethyl)phenyl-
acetylene being the most effective among those that we have
explored to date (entries 1 and 3).

Next, we turned our attention to defining the scope of this new
kinetic resolution process. As illustrated in Table 2, good selectivity
factors are obtained for azomethine imines that possess a wide
variety of N1 substituents. Thus, highly enantioenriched dipoles
can be generated that bear aryl (entry 1), heteroaryl (entries 2 and
3), alkenyl (entry 4), and cycloalkyl (entry 5) groups.11

We have also examined the scope of this kinetic resolution with
respect to substitution at the other two positions of the heterocycle
(C4 and C5). Unfortunately, C4-substituted (e.g., cyclohexyl)
azomethine imines do not undergo kinetic resolution with useful
selectivity (s < 2). On the other hand, a variety of C5-substituted
dipoles can be effectively resolved by CuI/3 (Table 3). Thus, the 5
position can bear not only an aryl (entries 1 and 2) but also a
heteroaryl (entry 3) or a branched alkyl (entries 4 and 5) group;
the presence of an unbranched alkyl substituent leads to low
selectivity (s < 5). As indicated in Table 3, in certain instances,
we employ an amide- rather than an ester-substituted alkyne as the
dipolarophile since side reactions are occasionally observed during
cycloadditions of ethyl propiolate.12

Table 1. Kinetic Resolutions of Azomethine Imines: Dependence
of the Selectivity Factor on the Structure of the Alkyne

a The selectivity factors are the average of two experiments.
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The highly enantioenriched dipoles that are produced in these
kinetic resolutions serve as precursors to useful families of
compounds, such as monocyclic and bicyclic pyrazolidinones. A
few examples are provided in eq 3-5.13

In summary, we have developed an effective method for the
kinetic resolution of racemic azomethine imines via copper-
catalyzed [3+ 2] cycloadditions with alkynes. The process tolerates

a variety of N1 and C5 substituents on the dipole, thereby furnishing
an array of useful enantioenriched azomethine imines. Additional
investigations of copper-catalyzed cycloadditions are underway.
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Table 2. Kinetic Resolutions of Azomethine Imines: Variation of
the N1 Substituent

a The selectivity factors are the average of two experiments.b Solvent:
CHCl3.

Table 3. Kinetic Resolutions of Azomethine Imines: Variation of
the C5 Substituent

a The selectivity factors are the average of two experiments.b Reaction
temperature: 0°C. c 2% Cul/2.2%3. d Yield of the pyrazolidinone after
reduction of the dipole.
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