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ABSTRACT

A new and efficient one-pot system of asymmetric catalysis is presented in which a chiral catalyst (5-pyrimidyl alkanol) self-improves its ee
by asymmetric autocatalysis and then acts as a highly enantioselective chiral catalyst for other asymmetric synthesis (addition of dialkylzincs
to aldehydes) to provide products (sec-alcohols) with very high ee (up to 99%).

Highly enantioselective catalytic asymmetric synthesis is an
important field of research because chirality plays a central
role in chemistry and pharmaceutical sciences.1 For efficient
synthesis of chiral compounds with high ee, it has been taken
for granted that an enantiomerically pure chiral catalyst is
required. It has been assumed that when the ee of the chiral
catalyst is low, one cannot expect to obtain the product with
high ee. Recently, a positive nonlinear effect of asymmetric
catalysis (asymmetric amplification), i.e., the ee of the
product is higher than that of chiral catalyst, has been
reported and the effect is becoming more and more important
in asymmetric synthesis.2-8 Some of the significant examples
of this phenomenon include Sharpless epoxidation,3 alkyla-

tion of aldehydes,4 ene reaction,5 conjugate addition,6 cy-
cloaddition,7 and miscellaneous reactions.8 In most cases,
however, chiral catalyst with>10% ee are required to obtain
the enantioenriched products with very high ee. In asym-
metric amplification of the enantioselective alkylation of
benzaldehyde with diethylzinc, chiral catalysts with 114a and
14% ee4c afford thesec-alcohol with significantly increased
ee values of 824a and 87%,4c respectively, with large
amplification indexes of 8.2 and 10.5, respectively. Note that
amplification index is defined by Kagan as the ratio of the
enantiomeric ratio of the product experimentally observed

(1) (a) ComprehensiVe Asymmetric Catalysis; Jacobsen, E. R., Pfaltz,
A., Yamamoto, H., Eds.; Springer: Berlin, 1999. (b)Catalytic Asymmetric
Synthesis, 2nd ed.; Ojima, I., Ed.; Wiley-VCH: New York, 2000.

(2) Reviews: (a) Girard, C.; Kagan, H. B.Angew. Chem., Int. Ed. 1998,
37, 2922-2959. (b) Avalos, M.; Babiano, R.; Cintas, P.; Jiménez, J. L.;
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to the enantiomeric ratio of the catalyst.2c,9 However, when
chiral catalysts with lower ee values (3.14a and 2.1%,4c

respectively) than 10% ee are used in the same reaction, the
amplified ee of the product remains low (364a and 39% ee,4c

respectively) with a considerable decrease in the amplifica-
tion indexes (2.0 and 2.2, respectively). Thus, asymmetric
amplification with a large amplification index starting with
an asymmetric catalyst with a very low ee is a challenging
problem.

In contrast, during our continuing study on asymmetric
autocatalysis,10-12 in which the chiral product acts as a chiral
catalyst for its own production, we found asymmetric
autocatalysis with amplification of ee.10a,d If an asymmetric
autocatalyst acts as a chiral catalyst for some other asym-
metric reaction, the opportunity for asymmetric autocatalysis
would increase significantly.

We wish to present a new and efficient concept of asym-
metric catalysis: a chiral catalyst self-improves its ee by
asymmetric autocatalysis and then acts as a highly enanti-
oselective chiral catalyst for some other asymmetric synthesis
to provide a product with very high ee (Scheme 1). In other

words, the one-pot consecutive system of asymmetric auto-
catalysis and asymmetric catalysis can afford a highly
enantioenriched product by using a compound with a very
low ee as the chiral source.

Due to the very high efficiency of the amplification of ee
in asymmetric autocatalysis,10e we chose 1-(2-tert-butylethy-
nyl-5-pyrimidyl)-2-methylpropanol (2a) as the asymmetric
autocatalyst and the subsequent asymmetric catalyst in the
consecutive system. The one-pot consecutive reaction is
shown in Scheme 2: (1) self-improvement of 5-pyrimidyl
alkanol by asymmetric autocatalysis with amplification of
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Scheme 1. One-Pot Consecutive System of Asymmetric
Autocatalysis and Asymmetric Catalysis

Scheme 2
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ee and (2) the subsequent highly enantioselective alkylation
of aldehydes using the formed 5-pyrimidyl alkanol as a
chiralcatalyst. The results are shown in Table 1. In the
presence of (S)-2awith only 1% ee, 2-(tert-butylethynyl)-
pyrimidine-5-carbaldehyde (1) was reacted with diisopro-
pylzinc (i-Pr2Zn)13 to give in situ the enantiomerically
amplified (isopropylzinc alkoxide of) pyrimidyl alkanol2b
(run 2).10a,dConsecutively, isopropylzinc alkoxide of alkanol
2b catalyzed highly enantioselective addition ofi-Pr2Zn to
pyridine-3-carbaldehyde3a to give enantioenrichedsec-3-
pyridyl alkanol4a with 96% ee in a yield of 84% (run 2).14

Thus, the 5-pyrimidyl alkanol2a originally with only 1%
ee improved itself by asymmetric autocatalysis to become a
highly enantioselective chiral catalyst for the addition ofi-Pr2-
Zn to aldehydes to afford thesec-alkanol with 96% ee. This
result means that the overall amplification index reached 48.0
(run 2), i.e., from 1% ee of 5-pyrimidyl alkanol2a to 96%
ee of (S)-3-pyridyl alkanol4a. In marked contrast, ordinary
asymmetric amplification using 5-pyrimidyl alkanol2awith
1% ee, that is, without autocatalytic self-improvement, gave
alcohol4a with only 9% ee with a very low amplification
index of 1.2, i.e., from 1% ee of2a to 9% ee of4a, in the

catalytic enantioselective addition to aldehyde3a (run 1).15

The self-improving catalyst system also works well in the
enantioselective addition to quinoline-3-carbaldehyde (3b)
(runs 4 and 5). The self-improved chiral catalyst2b drove
the corresponding enantioselective addition ofi-Pr2Zn to
aldehyde3b efficiently to give (S)-3-quinolyl alkanol4b with
99% ee in 87% yield. The amplification index reached 195.1,
from 1% ee of 5-pyrimidyl alkanol2b to 99% ee of
3-quinolyl alkanol4b (run 4). The method is also applicable
to the addition of diethylzinc to aldehyde3b to afford alkanol
4c with 89% ee with an amplification index of 16.8 (run 5).
In contrast, ordinary asymmetric amplification using catalyst
2a with 1% ee gave (S)-4b with only 7% ee with a low
amplification index of 1.1 (run 3). Thus, as shown in Table
1 (runs 1-4), the consecutive system of asymmetric auto-
catalysis and asymmetric catalysis (Scheme 2) is apparently
advantageous to the ordinary asymmetric amplification.
Moreover, enantioselective addition to 5-bromopyridine-3-
carbaldehyde (3c)and 5-methylpyridine-3-carbaldehyde (3d)
using the consecutive catalysis system afforded the corre-
sponding alcohols4c and 4d with 90% ee and 94% ee,
respectively (runs 6 and 7).

As described above, we have developed asymmetric
catalysis mediated with self-improving chiral catalysis by
asymmetric autocatalysis. The one-pot consecutive system
of asymmetric autocatalysis and asymmetric catalysis pro-
vides highly enantioenriched compounds starting from chiral
compounds with very low ee with significantly larger
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sodium chloride (15 mL). The mixture was filtered using Celite, and the
filtrate was extracted with ethyl acetate. The combined organic layer was
dried over anhydrous sodium sulfate and evaporated under reduced pressure.
Purification of the residue by silica gel thin-layer chromatography (develop-
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propan-1-ol4a with 96% ee in an isolated yield of 84% (63.1 mg). In
addition, the recovered (S)-5-pyrimidyl alkanol2a was found to have 92%
ee.
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step (Table 1, run 1). To a toluene solution (14.5 mL) of (S)-5-pyrimidyl
alkanol2a (23.2 mg, 0.1 mmol, 1% ee) was added a toluene solution (1.0
M) of i-Pr2Zn (0.6 mmol) at 0°C. A toluene (2.6 mL) solution of3a (94.1
mg, 0.5 mmol) was then added over a period of 2 h using a microfeeder,
and the mixture was stirred for 18 h at 0°C. The reaction was quenched by
the addition of saturated aqueous sodium chloride (15 mL). The mixture
was filtered using Celite, and the filtrate was extracted with ethyl acetate.
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Table 1. Enantioselective Addition of Dialkylzincs to Various Aldehydes Using (S)-Pyrimidyl Alkanol2a with 1% ee as a Chiral
Source

(S)-alcohol 4a

run aldehydes R3 self-improvement yield (%) ee (%)
amplification

indexb

1c pyridine-3-carbaldehyde (3a) i-Pr none 4a 70 9 1.2
2 i-Pr present 84 96 48.0
3c quinoline-3-carbaldehyde (3b) i-Pr none 4b 75 7 1.1
4 i-Pr present 87 99 195.1
5d Et present 4c 64 89 16.8
6 5-bromopyridine-3-carbaldehyde (3c) i-Pr present 4d 71 90 18.6
7 5-methylpyridine-3-carbaldehyde (3d) i-Pr present 4e 73 94 31.7
8 5-N,N-diisopropylcarbamoylpyridine-3-carbaldehyde (3e) i-Pr present 4f 82 86 13.0

a ee values were determined by HPLC analysis using a chiral stationary phase (Chiralcel OD-H). The absolute configuration of4f was determined by
stereospecific conversion intoD-valine. See ref 16. The absolute configurations of4a-e were assigned by analogy.b See refs 2c and 9.c Reaction was
performed without self-improvement using 0.5 mmol of aldehyde3, 0.6 mmol ofi-Pr2Zn, and 0.1 mmol of pyrimidyl alkanol2 with 1% ee.d Molar ratio.
Chiral catalyst:aldehyde:Et2Zn ) 0.5:1.0:1.0.
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amplification indexes than those of the existing asymmetric
amplification.
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