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CHIRAL PIPERAZINE AS A NEW CHIRAL CATALYST FOR THE ENANTIOSELECTIVE
ADDITION OF DIALKYL ZINCS TO ARYL ALDEHYDES
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Summary: Optically active sec~alcohols in 907% enantiomeric excess were
obtained from the enantioselective addition of dialkyl zincs to aryl aldehydes
in the presence of a catalytic amount of dilithium salt of (28, 58)~2, 5-
diisopropylpiperazine.

Chiral piperazine (cyclic diamine) has rarely been utilized as chiral
auxiliary in asymmetric reactions.! On the other hand, catalytic asymmetric
induction in carbon-carbon bond forming reaction is one of the most important
problem in organiec synthesis.2 However, chiral catalyst utilized in
enantioselective addition of dialkyl zincs to aldehydes is limited to chiral
amino alcohols.>

We wish to report that chiral piperazine serves as an effective catalyst
for the enantioselective addition of dialkyl zincs to aryl aldehydes.

(28, 58)-2, 5-Diisopropylpiperazine (1a) [as dihydrochloride, M.p. 265.5-
267.0 °C, [alp?4 -24.7° (c 1.0, Hy0)]" was prepared by the reduction of (28,
58)-2, 5-diisopropylpiperazin-3, 6-dione4 with sodium borohydride - titanium
tetrachloride.”

Enantioselective addition of diethylzinc to benzaldehyde in the presence
of 1a (6 mol%) afforded (R)~1~phenylpropanol (4a) in 817 e.e. It was also
found that the presence of dilithium salt of 1a (1b, 6 mol%, prepared in situ
from the reaction of 1a and 2 mol equiv. of p-butyllithium) was more effective
to afford (R)-4a in 90% e.e. [based on HPLC analysis using chiral column, [alp
+41.6°% (¢ 5.21, chloroform)]. As shown in Table 1, various aryl aldehydes
were alkylated enantioselectively in high e.e.'s with diethyl and dimethyl

zincs in the presence of a catalytic amount of 1b.6
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Table 1. Enantioselective Addition of 2 to 3 Catalyzed by 1b

(R)-4
Entry R? Rr3 [a]D21(c, solvent) Yield(Z) % E.e.
1 CeHs Et a  +41.6° (5.21, CHClz) 68 922 (90)b
2 p-Me0-CgH, Et b +26.6° (5.12, CgHg) 65 798
3 p-Cl-Cgl, Et e +23.7° (5.05, CgHg) 77 982 (90)P
4 _p-Cl-CgH, Me d  +47.1° (1.64, Et,0) 23 942

8Based on the reported values of [alp +45.45°% (c 5.15 yCHC14) for (E)-437;
lalp =17.2° (¢ 5, CgHg) for (8)-4b in 51% e.e.B; lalp -10.4° (¢ 5, CgHg) for
(8)~4e in 43% e.e.B; [alp +49.9° (c 2, Et,0) for (R)-4d.? PBased on HPLC
analyses using chiral column (Bakerbond DNBPG covalent; 4.6 x 250 mm; 254-nm
UV detector); For 4a, eluent 0.25%7 2-propanol in hexane; flow rate 0.44
ml/min; retention time (min), (S)-4a, 62.1, (R)-4a, 63.7. For 4ec, eluent
0.20% 2-propanol in hexane ; flow rate 0,9 ml/min; retention time (min), (S)-

4e, 38.5, (R)-4e, 39.8.

In a typical procedure, to an ice cooled solution of 1a (0.0313 g, 0.184
mmol) in toluene (12.3 ml), n-butyllithium (0.368 mmol, 0.245 ml of 1.5 M
hexane solution) was added. After 10 min, Et,Zn (6.2 mmol, 6.2 ml of 1 M
hexane solution) was added over a period of 5 min. The mixture was stirred at
room temperature for 30 min, and benzaldehyde (0.31 ml, 3.05 mmol) was added
at 0 °C. After the reaction mixture was stirred for 20 h at room temperature,
1 M HCl was added to quench the reaction. The mixture was extracted with
CH5Cl,, and the organic extract was dried (NaZSOA) and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel TLC
(CHC13 as developing solvent).

Thus, chiral piperazine is effective in catalytic asymmetric induction in
enantioselective addition of dialkyl zincs to aryl aldehydes.

References and Notes

1. Asymmetric synthesis using chiral piperazine 2. For the preceding paper on
diastereoselective alkylation of diamides derived from chiral piperazine,
see K. Soai, H. Hayashi, A. Shinozaki, H. Umebayashi, and Y. Yamada, Bull.
Chem. Soc. Jpn., in press.

2. 'Asymmetric Catalysis,' ed. B, Bosnich, Martinus Nijhoff Publishers,
Dordrecht, 1986, chapter 3.

3. N. Oguni and T. Omi, Tetrahedron Lett., 25, 2823(1984); M. Kitamura, S.
Suga, K. Kawai, and R. Noyori, J. Am. Chem. Soc., 108, 6071(1986); K. Soai,
A. Ookawa, K. Ogawa, and T. Kaba, J. Chem. Soc., Chem. Commun., 1987, 467;
Ab. A. Smaardijk and H. Wynberg, J. Org. Chem., 52, 135(1987).

4. T, Ueda, M., Saito, T. Kato, and N. Izumiys, Bull. Chem. Soc. Jpn., 56,
568(1983); D. E. Nitecki, B. Halpern, and J. W. Westley, J. Org. Chem., 33,
864(1968).

5. K. Soai, H. Hayashi, and H. Hasegawa, Heterocycles, 24, 1287(1986). Cf. S.
Kano, Y. Tanaka, E. Sugino, and S. Hibino, Synthesis, 1980, 695, —

6. pilgggium salt of (28, 58)-2, 5-dibenzylpiperazine (6 molZS afforded (R)-4a
in e.e.

7. R. H. Pickard and J. Kenyon, J. Chem. Soc., 1914, 1115,

8. J. Capillon and J. Guétté, Tetrahedron, 35, 1817(1979).

9. T. Ishizaki, H., Miura, and H. Nohira, Nippon Kagaku Kaishi, 1980, 1381,

(Received in Japan 27 June 1987)



