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Abstract—We describe the first catalytic dynamic kinetic resolution of hemiaminals mediated by an organocatalyst. A 0.1–1 mol %
catalyst loading is effective for the dynamic kinetic resolution of hemiaminals to produce esters up to 88% ee in high yields. A
10 mol % catalyst loading resulted in a decreased selectivity, whereas the selectivity increased at 50 �C. The absolute configuration
is assigned on the basis of the empirical Cotton effect rule.
� 2007 Elsevier Ltd. All rights reserved.
Enzymatic dynamic kinetic resolution (DKR) of sec-
alcohols by way of asymmetric acylation has attracted
significant interest because it provides optically active
esters in up to 100% yield,1 and therefore, this procedure
has been applied to a variety of organic syntheses. As
substrates for this procedure, hemiacetals and hemiami-
nals are promising candidates due to their capability of
in situ racemization through tautomerism.2,3 In addi-
tion, the product esters have been used as chiral building
blocks for various organic syntheses.4

We previously reported the nonenzymatic DKR of
hemiaminals by acylation with chiral acylating
reagents.5 Moreover, we recently developed a novel
dimethylaminopyridine (DMAP) catalyst, which was
effective for the kinetic resolution of racemic sec-alco-
hols6,7 and desymmetrization of meso-diols.7 These find-
ings prompted us to investigate the catalytic kinetic
resolution of hemiaminals (Scheme 1). In this Letter,
Scheme 1. DKR of hemiaminals through asymmetric acylation.
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we describe that our catalyst is also effective for the
DKR of hemiaminals. To the best of our knowledge,
this is the first example of the organocatalyst mediated
DKR of hemiaminals.
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Table 1. Catalytic dynamic kinetic resolution of 1–3

Entry Substrate Cata Solv. Product Time (h) Yieldb (%) eec (Config.)d (%)

1 1a 4 t-BuOMe 8a 23 98 82
2 1b 4 t-BuOMe 8b 11 >99 84 (R)
3 1c 4 t-BuOMe 8c 8 >99 88 (R)
4 1d 4 t-BuOMe 8d 8 98 87
5 1e 4 t-BuOMe 8e 23 95 66 (R)
6 1c 5 t-BuOMe 8c 8 >99 82 (R)
7 1c 6 t-BuOMe 8c 8 99 87 (R)
8 1c 7 t-BuOMe 8c 8 98 70 (R)
9 1b 4 Toluene 8b 11 99 79 (R)

10 1b 4 CH2CI2 8b 11 >99 65 (R)
11 1b 4 THF 8b 11 99 82 (R)
12 1b 4 c-PentylOMe 8b 11 99 84 (R)
13 2a 4 t-BuOMe 9a 8 94 49 (R)
14 2b 4 t-BuOMe 9b 24 86 24 (R)
15 3 4 t-BuOMe 10 8 >99 40 (R)

a 1 mol % of catalyst was used.
b Isolated yield.
c Determined by HPLC with a chiral column.
d Absolute configuration was assigned based on the Cotton effect of the CD spectra.

Figure 1. Determination of the absolute configurations of the products
by CD Cotton effects.
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The dynamic kinetic resolution of hemiaminals 1 and 2
and hemiacetal 3 by catalytic acylation with 1 mol % of
catalysts 4–7 was investigated under various reaction
conditions as shown in Table 1. The acylation of hemi-
aminals 1a–e with isobutyric anhydride and triethylamine
in the presence of catalysts 4 gave the corresponding
esters in high yields with 66–88% ee, clearly suggesting
that the DKR effectively occurred in this system (entries
1–5).8 The selectivity depends on the substituent at the
N-acyl group of the hemiaminals; the acylation of 1c
and 1d having isobutyroyl and pivaloyl groups, respec-
tively, resulted in the high selectivities (entries 3 and
4). This indicates that the steric bulkiness around the
N-acyl group would be important for the discrimination
of racemic alcohols. Among the DMAP derivatives 4–7,
4–6 serve as effective catalysts (entries 3 and 6–8). Since
a similar trend is observed in the kinetic resolution of
sec-alcohols, the importance of the C@S group for the
stereoselectivity would be a common feature in the
catalytic acylations with this series of catalysts.7 A
survey of solvents revealed bulky ethers to be effective
(entries 2 and 9–11).

The catalytic acylation of monocyclic hemiaminals 2a
and 2b9 gave the corresponding esters in good yields
with 49% and 24% ee, respectively (entries 13 and 14).
The relatively lower stereoselectivities in comparison
with the case of hemiaminals 1 indicated that the con-
densed aromatic ring would have a significant effect on
the enantioselectivity. It is worthwhile noting that the
catalytic DKR of hemiacetal 3 resulted in a 40% ee with
the opposite stereoselectivity compared to the case of 1,
suggesting the importance of the N-acyl moiety on the
selectivity (entry 15).
The absolute configurations of the product esters were
determined by a CD spectral analysis according to the
empirical rule proposed by Feringa and co-workers10

in which the signs of the Cotton effects of the n–p*

and p–p* transitions are correlated to the absolute con-
figuration. The CD spectrum of 8c shows positive n–p*

(245 nm) and negative p–p* (208 nm) Cotton effects,
which allowed assigning the R configuration to the
stereogenic center (Fig. 1). The absolute configurations
of esters 8 were all assigned in a similar manner. On
the other hand, the opposite sign pattern observed for
9 allowed assigning the R configuration.

Next, the effect of the catalyst amount on the selectivity
was investigated for 1b and 2b using catalyst 4 (Table 2).
The DKR of 1b with 0.1 mol % of catalyst 4 quantita-
tively gave 8b in 75% ee (entry 1). The reaction at 0 �C
required 139 h for completion of the reaction, but the
stereoselectivity was improved to 83% ee (entry 2). A
1 mol % loading of the catalyst significantly accelerates
the reaction and slightly increased the selectivity com-
pared to the 0.1% loading (entry 3). Interesting is the
fact that the increasing amount of the catalyst from 1



Table 2. Effects of catalyst amount and temperature on the selectivity

Entry Aminal Cat (mol %) Temperature Time (h) Yielda (%) eeb (Config.)c (%)

1 1b 0.1 rt 72 >99 75 (R)
2 1b 0.1 0 139 >99 83 (R)
3 1b 1 rt 9 96 79 (R)
4 1b 10 rt 2 96 63 (R)
5 1b 10 50 0.5 >99 74 (R)
6 2b 1 rt 24 86 24 (R)
7 2b 1 50 24 90 45 (R)

a Isolated yield.
b Determined by HPLC with chiral columns.
c Absolute configuration was assigned based on the Cotton effect of the CD spectra.
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to 10 mol % caused a significant decrease in the selectiv-
ity (entry 4). However, surprisingly, the selectivity was
much improved to 74% ee by raising the temperature
to 50 �C. A similar phenomenon was observed in the
DKR of 2b; the selectivity at 50 �C is higher than that
at rt (entries 6 and 7). These unusual observations where
the selectivity decreased with the increasing amount of
the catalyst while the selectivity increased by raising
the reaction temperature are attributable to the changes
in the relative rates between the acylation and racemiz-
ation steps. Thus, a 10 mol % catalyst loading caused
much faster acylation than the racemization of the sub-
strate, and as a result, the selectivity decreased. On the
contrary, raising the temperature to 50 �C would more
effectively enhance the racemization than the acylation,
which resulted in the increased ee.

Although exact mechanism for this DKR is still unclear,
the R-selectivity in this reaction can be explained by the
Scheme 2. Plausible mechanism for DKR of 1.
following transition state models regarding the stable
conformations of the catalyst and the substrate (Scheme
2). In our previous studies,7 the catalyst is predicted to
have a self-complexed conformation as shown in
Scheme 2. On the other hand, the X-ray crystallographic
analysis11,12 and DFT calculations13 for 1c suggested the
existence of a hydrogen bond between the oxygen atom
of the hydroxy group and the N-acylcarbonyl group
with the distance of 2.988 and 2.743 Å, respectively
(Fig. 2). Each enantiomeric hemiaminal would approach
the unblocked side of the pyridinium face with a face-
to-face orientation between the pyridinium and the
aromatic rings through an intermolecular cation–p
interaction. As shown in TS-I and TS-II, the (R)-alcohol
preferentially attacks the N-acyl group rather than the
(S)-alcohol because the (S)-alcohol receives a consider-
able steric repulsion by the carbonyl and the isopropyl
group, and as a result, the (R)-ester was predominantly
produced via TS-I. This can explain the higher selectiv-



Figure 2. ORTEP drawing for 1c at the 50% probability level.
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ity for hemiaminals 1b–d having both a condensed aro-
matic ring and a bulky N-acyl group.

In summary, we described the first catalytic dynamic
kinetic resolution of hemiaminals mediated by an organ-
ocatalyst. A 0.1–1 mol % catalyst loading is effective for
the DKR of hemiaminals to give esters up to 88% ee in
high yields. Controlling the relative rates between the
racemization and the acylation steps was essential to
the success of this DKR. The proposed transition state
model can explain the resulting stereochemical outcome,
in which the cation–p interaction might play a key role.
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