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N-Acetylated Ph-PPY*, a new planar-chiral derivative of
PPY, serves as an effective reagent for the enantioselective
acylation of racemic amines, providing amides with very
good stereoselectivity.

In recent years substantial progress has been made in the
development of non-enzymatic catalysts for the enantio-
selective acylation of alcohols.1,2 In contrast, to the best of our
knowledge there have been no reports of effective non-
enzymatic catalysts for the enantioselective acylation of
amines.3,4 Indeed, there has been only limited success even with
stoichiometric chiral acylating reagents.5

We have recently described applications of planar-chiral

heterocycles (e.g. 1–3) as nucleophilic catalysts for a variety of
processes, including the enantioselective acylation of secondary
alcohols.6,7 Unfortunately, our attempts to extend this catalytic
process to amines were frustrated by the facility with which
amines react directly with acylating agents such as acetic
anhydride, thereby providing a competitive, non-enantiose-
lective pathway.

We therefore defined our immediate objective to be the
development of a highly enantioselective stoichiometric reagent
for the acylation of amines. Since progress toward this goal has
been quite modest,5 we felt that this in itself would be a
worthwhile achievement.8 Building on our recent discovery that
planar-chiral Ph-DMAP* (3) undergoes N-acylation when
treated with 1 equiv. of acetyl chloride,2d we examined the use
of the acylated derivatives of iron complexes 1–4 as chiral
reagents for the stereoselective acylation of (±)-1-phenyl-
ethylamine.

Our initial studies revealed that 4-pyrrolidino complexes
provide higher ee than do 4-dimethylamino complexes and that
complexes that bear the more bulky C5Ph5 group furnish better
enantioselectivity than do those that bear the C5Me5 group.
These cumulative substituent effects lead to the acylated form
of a new planar-chiral PPY derivative (4; Ph-PPY*) being the
most enantioselective acylating agent among complexes 1–4
[eqn. (1)].9–11

An optimization study established that the enantioselectivity
with which acylated Ph-PPY* reacts with (±)-1-phenyl-
ethylamine varies with solvent. Although at room temperature
several solvents furnish greater enantiomeric excess than does
CH2Cl2 (Table 1), the stereoselection in CH2Cl2 is significantly

temperature-dependent, and acylation in CH2Cl2 at 278 °C
affords the highest ee of the conditions that we have examined
(78% ee; entry 3). Interestingly, the relationship between ee and
solvent that we observe for the acylation of (±)-1-phenyl-
ethylamine differs from what we have observed for the catalytic
asymmetric acylation of (±)-1-phenylethanol.2b

For enantioselective acylations of this sort, the ee of the
amide product should increase when the ratio of amine to
acylating agent is increased.12 Consistent with this expectation,
under otherwise identical conditions we obtain amide with 87%
ee when we employ 8.0 equiv. of amine (Table 2, entry 1),
compared with 78% ee when we use 2.0 equiv. of amine (Table
1, entry 3).

Under these reaction conditions, we can achieve the ster-
eoselective acylation of a family of racemic amines with very
good enantioselection (Table 2).13 With respect to substituent
effects, we observe somewhat lower ee as the steric demand of
the alkyl substituent increases (entry 1 vs. entry 2). The
stereoselectivity appears to be modestly dependent on the
electronic nature of the aryl substituent, with acylations of
(±)-1-phenylethylamine proceeding with higher enantioselec-
tion than either more electron-rich or more electron-poor
derivatives (entry 1 vs. entries 3 and 4, respectively). As
illustrated in Table 2, N-acylated Ph-PPY* efficiently differ-
entiates the enantiomers of amines that bear a range of aromatic
substituents (e.g. see entries 5 and 6).

Table 1 Effect of solvent and temperature on enantioselectivity
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In summary, we have established that N-acylated Ph-PPY*, a
new planar-chiral derivative of PPY, can serve as an effective
reagent for the enantioselective acylation of racemic amines.
Compared with other reagents that have been reported for this
process, the level of stereoselectivity furnished by N-acyl Ph-
PPY* represents a significant advance in the state of the art.
This work thus marks an important first step toward the
development of an efficient non-enzymatic catalyst for the
asymmetric acylation of amines. Ongoing investigations are
focused on the discovery of acylating agents that will permit this
challenging goal to be achieved.
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Table 2 Enantioselective acylation of amines
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