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Abstract—5-Pyrimidyl alkanol with an enantiomeric excess of up to 96% was formed using chiral epoxides as a chiral initiator in the
enantioselective addition of diisopropylzinc to pyrimidine-5-carbaldehyde, in conjunction with asymmetric autocatalysis.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Chiral epoxides are useful chiral building blocks for the
synthesis of biologically important compounds.1 In re-
cent years, various methods have been developed for
the preparation of chiral epoxides.2 However, to the best
of our knowledge, chiral epoxides have rarely been used
successfully as chiral ligands or catalysts in asymmetric
synthesis.

Recently, high Miller index metal surfaces, which are
chiral in nature, have attracted much attention, because
of their possible use as heterogeneous asymmetric catal-
ysts.3 Their enantiospecific properties have been
reported in, for example, the chiral adsorption or
desorption of organic compounds.3,4

We have been studying asymmetric autocatalysis with
the amplification of enantiomeric excess, in which a chi-
ral product acts as the chiral catalyst for its own produc-
tion.5,6 We thought that asymmetric autocatalysis
initiated by propylene oxide with very low ee correlates
the chirality of a metal surface and that of an organic
compound with very high ee: The discrimination of chi-
ral propylene oxide has been reported in the desorption
from a chiral metal surface.7
2. Results and discussion

Herein, we report on the use of chiral propylene oxide
and styrene oxide, which are readily available, as chiral
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inducers in the highly enantioselective synthesis of a
pyrimidyl alkanol by the enantioselective addition of
diisopropylzinc (i-Pr2Zn) to 2-alkynylpyrimidine-5-carb-
aldehyde (Scheme 1).

The enantioselective addition of i-Pr2Zn to 2-(2-tert-but-
ylethynyl)pyrimidine-5-carbaldehyde 1 was examined in
the presence of chiral propylene oxide. As shown in
Table 1, (S)-5-pyrimidyl alkanol 2 with 96% ee was
obtained in 86% yield in the presence of (R)-(+)-propyl-
ene oxide 3 with 97% ee (entry 1). On the other hand, in
the presence of (S)-(�)-3 with 97% ee, the opposite
enantiomer, (R)-2 with 94% ee was formed in 78% yield
(entry 2). Thus, the absolute configurations of the result-
ing 5-pyrimidyl alkanols 2 depended on that of epoxide
3 used. Using 3 with a moderate ee as an inducer yielded
5-pyrimidyl alkanol 2 with high ee (89–92% ee) (entries 3
and 4). Even epoxide 3 with only 3% and 2% ee were
found to serve as chiral initiators in the asymmetric
autocatalysis, producing (S)-2 and (R)-2 with 79% and
74% ee, respectively (entries 9 and 10).

Next, the enantioselective addition of i-Pr2Zn to 2-
alkynylpyrimidine-5-carbaldehyde 1 in the presence of
chiral styrene oxide 4 was examined. The results are
summarized in Table 2. (R)-(+)-Styrene oxide 4 with
>99.5% ee, used as a chiral initiator, gave (S)-2 with
91% ee (entry 1) and (S)-(�)-4 gave (R)-2 with 92% ee
(entry 2) (molar ratio. 4: aldehyde 1: i-Pr2Zn = 0.35:
1.05: 2.15). Even when a half amount of (S)-4 with
>99.5% ee was used, (R)-2 with 90% ee was formed (en-
try 3). When epoxide 4 with moderate ee (58% and 59%
ee) was used as inducer, (S)-2 and (R)-2 with 95% and
92% ee were obtained in 84% and 83% yields, respec-
tively (entries 4 and 5). (R)- and (S)-4 with only 2% ee
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Table 2. Highly enantioselective synthesis of pyrimidyl alkanol 2 in the

presence of homochiral styrene oxide 4

Entrya Styrene oxide 4 Pyrimidyl alkanol 2

Config. Ee (%)b Yield (%)c Ee (%)b Config.

1d (R)-(+) >99.5 86 91 S

2 (S)-(�) >99.5 78 92e R

3f (S)-(�) >99.5 89 90 R

4 (R)-(+) 58 84 95 S

5 (S)-(�) 59 83 92 R

6 (R)-(+) 19 88 87 S

7 (S)-(�) 19 80 90 R

8 (S)-(�) 11 89 82 R

9 (R)-(+) 5 89 80 S

10 (S)-(�) 5 83 80 R

11 (R)-(+) 2 81 64 S

12 (S)-(�) 2 83 74 R

a Unless otherwise noted, molar ratio of styrene oxide 4 : aldehyde 1:i-

Pr2Zn = 0.35:1.05:2.15 and the reactions were run at 0 �C.
b Ee was determined by HPLC analysis using a chiral stationary phase

(Chiralcel OD).
c Isolated yield.
d To determine the amount of the remaining styrene oxide, the reaction

was carried out under the existence of naphthalene as an internal

standard under the same conditions. By comparing the ratio of sty-

rene oxide to that of naphthalene before and after the reaction, it was

found that 99% of styrene oxide remained. HPLC analysis was per-

formed using chiral column (Chiralcel OD-H, eluent: hexane, 1.0mL/

min).
e When this reaction was carried out at room temperature, (R)-2 with

8% ee was obtained.
f Molar ratio. 4:aldehyde 1:i-Pr2Zn = 0.175:1.05:2.15.

Table 1. Highly enantioselective synthesis of pyrimidyl alkanol 2 in the

presence of propylene oxide 3

Entrya Propylene oxide 3 Pyrimidyl alkanol 2

Config. Ee (%)b Yield (%)c Ee (%)d Config.

1 (R)-(+) 97 86 96 S

2 (S)-(�) 97 78 94 R

3 (R)-(+) 60 84 89 S

4 (S)-(�) 57 83 92 R

5 (R)-(+) 20 81 88 S

6 (S)-(�) 18 82 89 R

7 (R)-(+) 6 87 79 S

8 (S)-(�) 5 87 70 R

9 (R)-(+) 3 85 79 S

10 (S)-(�) 2 86 74 R

a Molar ratio. Propylene oxide 3:aldehyde 1:i-Pr2Zn = 0.35:1.05:2.15.

The reactions were run at 0 �C.
b The ee value was determined by chiral HPLC analysis of 1-(naph-

thalen-2-ylthio)propan-2-ol obtained from the ring opening reaction

of 3 with 2-naphthalenethiol.8

c Isolated yield.
d Ee was determined by HPLC analysis using a chiral stationary phase

(Chiralcel OD).
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Scheme 1. Highly enantioselective asymmetric autocatalysis using chiral epoxide.
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induced the generation of (S)-2 with 64% ee and (R)-2
with 74% ee, respectively (entries 11 and 12).

In a typical experiment (Table 2, entry 12), i-Pr2Zn
(0.15mL of 1.0M toluene solution, 0.15mmol) was
added dropwise to a toluene (1.0mL) solution of (S)-sty-
rene oxide 4 (40lL, 0.35mmol, 2% ee) and aldehyde 1
(9.4mg, 0.05mmol) over a period of 30min at 0 �C.
After the mixture was stirred for 6h, toluene (3.6mL)
and i-Pr2Zn (0.4mL of 1.0M toluene solution,
0.4mmol) were added, and the mixture was stirred for
a further 15min. Then aldehyde 1 (37.6mg, 0.20mmol
in 1.0mL toluene) was added dropwise over a period
of 30min at 0 �C. After this mixture was stirred for
2h, toluene (14.4mL) and i-Pr2Zn (1.60mL of 1.0M
toluene solution, 1.60mmol) were added, and the
mixture was stirred for 15min. Then aldehyde 1
(150.6mg, 0.80mmol in 1.0mL toluene) was added
dropwise over a period of 30min at 0 �C, and the mix-
ture was stirred for 2h. The reaction was quenched by
the addition of 1M hydrochloric acid (4.4mL), and
the solution was made alkaline by the addition of satu-
rated aqueous NaHCO3 (13.2mL). The mixture was fil-
trated using Celite, and the filtrate was extracted using
ethyl acetate. The combined organic layers were dried
over anhydrous sodium sulfate and evaporated in
vacuo. Purification of the residue using silica gel thin-
layer chromatography (developing solvent, hexane:ethyl
acetate = 2:1, v/v) gave (R)-5-pyrimidyl alkanol 2 with
74% ee in 83% yield.
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3. Conclusion

In summary, we have described a highly enantioselective
asymmetric autocatalysis in the presence of chiral prop-
ylene oxide and styrene oxide. 5-Pyrimidyl alkanol with
an ee up to 96% ee was obtained, with the absolute con-
figuration corresponding to that of the propylene oxide
and styrene oxide used as the chiral inducers.
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Chem. Commun. 2000, 887–892; (e) Buschmann, H.; Thede,
R.; Heller, D. Angew. Chem., Int. Ed. 2000, 39, 4033–
4036; (f) Todd, M. H. Chem. Soc. Rev. 2002, 31, 211–
222; (g) Mislow, K. Collect. Czech. Chem. Commun. 2003,
68, 849–864; (h) Blackmond, D. G. Proc. Natl. Acad. Sci.
U.S.A. 2004, 101, 5732–5736; (i) Soai, K.; Shibata, T.;
Sato, I. Bull. Chem. Soc. Jpn. 2004, 77, 1063–1073; Reviews
including both autocatalytic and non-autocatalytic
reactions with amplification of ee: (j) Girard, C.; Kagan,
H. B. Angew. Chem., Int. Ed. 1998, 37, 2923–2959; (k)
Mikami, K.; Yamanaka, M. Chem. Rev. 2003, 103, 3369–
3400.

6. (a) Soai, K.; Shibata, T.; Morioka, H.; Choji, K. Nature
1995, 378, 767–768; (b) Shibata, T.; Yamamoto, J.;
Matsumoto, N.; Yonekubo, S.; Osanai, S.; Soai, K. J.
Am. Chem. Soc. 1998, 120, 12157–12158; (c) Soai, K.;
Osanai, S.; Kadowaki, K.; Yonekubo, S.; Shibata, T.; Sato,
I. J. Am. Chem. Soc. 1999, 121, 11235–11236; (d) Sato, I.;
Yamashima, R.; Kadowaki, K.; Yamamoto, J.; Shibata, T.;
Soai, K. Angew. Chem., Int. Ed. 2001, 40, 1096–1098; (e)
Sato, I.; Urabe, H.; Ishiguro, S.; Shibata, T.; Soai, K.
Angew. Chem., Int. Ed. 2003, 42, 315–317; (f) Sato, I.;
Kadowaki, K.; Urabe, H.; Jung, J. H.; Ono, Y.; Shinkai, S.;
Soai, K. Tetrahedron Lett. 2003, 44, 721–724; (g) Sato, I.;
Kadowaki, K.; Ohgo, Y.; Soai, K. J. Mol. Catal. A 2004,
216, 209–214; (h) Sato, I.; Nakao, T.; Sugie, R.; Kawasaki,
T.; Soai, K. Synthesis 2004, 1419–1428; (i) Soai, K.;
Shibata, T.; Sato, I. Bull. Chem. Soc. Jpn. 2004, 77, 1063–
1073; (j) Soai, K. Yuki Gosei Kagaku Kyokaishi 2004, 62,
673–681; (k) Sato, I.; Shimizu, M.; Kawasaki, T.; Soai, K.
Bull. Chem. Soc. Jpn. 2004, 77, 1587–1588; (l) Sato, I.;
Sugie, R.; Matsueda, Y.; Furumura, Y.; Soai, K. Angew.
Chem., Int. Ed. 2004, 43, 4490–4492.

7. (a) Horvath, J. D.; Gellman, A. J. J. Am. Chem. Soc. 2001,
123, 7953–7954; (b) Horvath, J. D.; Gellman, A. J. J. Am.
Chem. Soc. 2002, 124, 2384–2392; (c) Horvath, J. D.;
Gellman, A. J. Topics Catal. 2003, 25, 9–15.

8. White, D. E.; Jacobsen, E. N. Tetrahedron: Asymmetry
2003, 14, 3633–3638.


	Enantioselective synthesis induced by chiral epoxides in conjunction with asymmetric autocatalysis
	Introduction
	Results and discussion
	Conclusion
	Acknowledgements
	References


