Solvent-free catalytic enantioselective addition of diethylzinc to aldehydes
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Solvent-free enantioselective addition of diethylzinc to
aldehydes using f3-amino alcohols as chiral catalysts afford
chiral sec-alcohols with high enantiomeric excesses, and the
reaction in solvent-free system is faster than that using
organic solvent.

Solvent-free organic synthesis has received much attention.®.2
From an environmental point of view, potent toxic waste should
be minimized and, obviously, bulk wastesin chemical reactions
are often organic solvents. Thus, the development of solvent-
free organic synthesisisimportant. Recent advancesin thisfield
include, for example, polymerization,3 radical addition* and
ionic reactions.®

Meanwhile, solvents often play an essentia role in catalytic
enantioselective synthesis. They not only make the reaction
mixtures homogeneous but participate to construct the stereo-
chemically preferable reactive transition state by coordinating
with metals. Thus, the use of solvent is generally considered
unavoidable in achieving high enantiosel ectivity in asymmetric
reactions.® So far, only a few solvent-free enantioselective
catalytic reactions are known.” We previously reported enantio-
selective addition of dialkylzincsto aldehydesin the presence of
N,N-dialkylnorephedrines as chiral catalysts using organic
solvents such as toluene and hexane.8

We here report a solvent-free catalytic enantioselective
addition of diethylzinc (Et,Zn) to aldehydes. In the presence of
N,N-dialkylnorephedrines 2, 4 and 5 as chira cataysts,
aldehydes 1 were reacted with neat Et,Zn without using any
solvent. The reactions were homogeneous and proceeded in
highly enantioselective manner to give opticaly active sec-
alcohols 3 with high ees (Scheme 1).

The results of the enantioselective addition of Et,Zn to
benzaldehyde 1a under the solvent-free conditions are summa-
rized in Table 1. In the presence of (1S2R)-N,N-dibutylnor-
ephedrine (DBNE) 282 (10 mol%) as a chiral catalyst, neat
Et,Zn was added to aldehyde la a O °C to give (9-
1-phenylpropanol 3a with 87% ee in an amost quantitative
yield (99%) (run 1). When the amount of DBNE 2 was 5 mol %,
(9-3a was obtained in 97% yield and 87% ee (run 2). The
reaction using 3.4 mol% of DBNE 2 and 2.2 mal. equiv. of neat
Et,Zn afforded (S)-3a with 87% ee in 93% yield (run 3). It
should be noted that solvent-free reactions at 0 °C were
completein 2 h (runs 1-3), whereas the samereaction in toluene
takeslonger time to complete.82 N,N-Dipropylnorephedrine 482
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and 1-phenyl-2-(1-pyrrolidinyl)propan-1-ol 58%2° were aso
efficient chiral catalysts which afforded (§-3a in 97-99%
yields with 85% ee and 86% ee, respectively (runs4 and 5). An
acceleration of the reaction rate under solvent-free conditionsis
clearly seen in low-temperature reactions. Enantioselective
addition of Et,Zn using (1S2R)-DBNE 2 as a chira catalyst
proceeded efficiently at —10 °C within 4 h to give 3a with 89%
eein 98% yield (run 6). Moreover, the reaction even at —28 °C
was complete within 6 h to afford 3a with 87% eein 99% yield
(run 7). It should be noted that when a solvent (toluene) is used,
the reaction hardly proceeds at —28 °C. The high reactivity of
Et>Zn under solvent-free conditions may be attributed to the
higher concentration of neat Et,Zn (ca. 9.5-10 M) than that in
solvents. Thus, a strong acceleration of the reaction rate was
observed in the present solvent-free enantioselective reaction
without a decrease in enantiosel ectivity.10 The catalytic species
is, presumably, zinc monoalkoxide of 2.8a11

To clarify the generality of substrates, various adehydes
were subjected to the solvent-free enantioselective addition of
diethylzinc using (1S2R)-2 (5 mol%) asachira catalyst (Table
2). p-Toluadehyde 1b and 1-naphthaldehyde 1c were ethylated
in a highly enantioselective manner to give the corresponding
sec-alcohols 3b and 3c with Sconfiguration in 90% ee and 91%
ee, respectively (runs 1 and 2).22 The reaction with 2-naph-
thaldehyde 1d gave (S)-3d in 98% yield and 86% ee (run 3).

Cyclohexanecarbaldehyde 1g, an aiphatic aldehyde, was
ethylated enantioselectively to afford (S)-3g with 88% ee in
96% vyield (run 6). Enantioselective addition of Et,Zn to
adehyde 1h, possessing hydrogen atoms on the «-carbon atom,
gave 3h with 84% ee in 92% yield (run 7).

In conclusion, we have described a highly enantioselective
ethylation of aldehydes under solvent-free conditions which is

Table 1 Solvent-free catalytic enantioselective addition of diethylzinc to
benzaldehyde

Ph Me
HO NR,
R = n-Bu (2), n-Pr (4) ,
~(CHy)4- (5) Ph ™
Ph-CHO + EtZn ————— H
OH
1a
3a

(8)-1-phenylpropanol 5a®

Chiral catalyst

Run® (mol%) T/°C t/h Yield (%) Ee (%)
1 (18,2R)-2 (10) 0 2 99 87
2 (18,2R)-2 (5) 0 2 97 87
3¢ (18,2R)-2 (3.4) 0 2 93 87
4 (1S,2R)-3 (5) 0 2 99 85
5 (1S,2R)-4 (5) 0 2 97 86
6 (1S,2R)-2 (5) —10 4 98 89
7 (18,2R)-2 (5) —28 6 99 87

@ Reactions were carried out using 3—5 mol. equiv. of neat Et,Zn. » Ee was
determined by HPLC analysis using a chiral stationary phase (Chiralcel OB-
H). ¢ Reaction was run using 2.2 mol. equiv. of neat Et,Zn.
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Table 2 Solvent-free enantioselective addition of Et,Zn to various
aldehydes using (1S,2R)-N,N-dibutylnorephedrine 2 as a chiral catalyst

(9-3

Runa  Aldehydes Yield (%) Ee (%)P
1 p-Tolualdehyde 1b 3b 99 90

2 1-Naphthaldehyde 1c 3c 80 91

3 2-Naphthal dehyde 1d 3d 98 86c

4 p-Chlorobenzaldehyde 1le 3e 99 85

5 p-Methoxybenzaldehyde 1f 3f 98 89

6 Cyclohexanecarbaldehyde 1g  3g 96 88d

7 3-Phenylpropana 1h 3h 92 84¢

a Reactions were carried out for 2 h at 0 °C using 5 mol% of 2 and 3-5 mol.
equiv. of Et,Zn. b Unless otherwise noted, ee was determined by HPLC
analysisusing achiral stationary phase (Chiralcel OB-H). ¢ Chiralcel OD-H
was used as a chiral stationary phase. dEe was determined as p-
bromobenzoate of 3g using a chiral stationary phase (Chiralcel OJ-R).

accelerated with respect of the corresponding reaction in
organic solvents.

This work was supported by a Grant-in-Aid for Scientific
Research from the Ministry of Education, Science, Sports, and
Culture of Japan. I. S. thanks a Daicel Award in Synthetic
Organic Chemistry.

Notes and references

1 J. O. Metzger, Angew. Chem,, Int. Ed., 1998, 37, 2975.

2 K. Tanaka and F. Toda, Chem. Rev., 2000, 100, 1025; A. Loupy, A.
Petit, J. Hamelin, F. Texier-Boullet, P. Jacquault and D. Mathe,
Synthesis, 1998, 1213; R. S. Varma, Green Chem., 1999, 1, 43; S.
Deshayes, M. Liagre, A. Loupy, J-L. Luche and A. Petit, Tetrahedron,
1999, 55, 10851.

3 J. Hornke, R. Lipphardt and R. Meldt in Produktionsintegrierter
Umweltschutz in der chemischen Industrie, ed. J. Wiesner, Decheme,
Frankfurt/Main, 1990, p. 17; K. Komiya, S. Fukuoka, M. Aminaka, K.

2472 Chem. Commun., 2000, 2471-2472

10

11

12

Hasegawa, H. Hachiya, H. Okamoto, T. Watanabe, H. Yoneda, J.
Fukawa and T. Dozono, in Green Chemistry, Designing Chemistry for
the Environment, ed. P. T. Anastas and T. C. Williamson, American
Chemica Society, Washington, D.C., 1996, p. 20.

J. O. Metzger and R. Mahler, Angew. Chem.,, Int. Ed. Engl., 1995, 34,
902; J. O. Metzger, R. Mahler and A. Schmidt, Liebigs Ann., 1996,
693.

G. Bram and G. Decodts, Synthesis, 1985, 543.

For example, utilization of acetonitrile is necessary for a highly
enantioselective catalytic conjugate addition of Et,Zn to enones. K.
Soai, T. Hatanaka and T. Miyazawa, J. Chem. Soc., Chem. Commun.,
1992, 1097.

L. E. Martinez, J. L. Leighton, D. H. Carsten and E. N. Jacobsen, J. Am.
Chem. Soc., 1995, 117, 5897; D. Rajagopal, K. Rajagopalan and S.
Swaminathan, Tetrahedron: Asymmetry, 1996, 7, 2189.

(a) K. Soai, S. Yokoyama and T. Hayasaka, J. Org. Chem., 1991, 56,
4264 (b) For a review, K. Soai and S. Niwa, Chem. Rev., 1992, 92,
833.

K. Soai, T. Konishi and T. Shibata, Heterocycles, 1999, 51, 1421; I.
Sato, T. Saito, D. Omiya, Y. Takizawaand K. Soai, Heterocycles, 1999,
51, 2753.

In addition, enantioselective addition of diisopropylzinc to aldehyde 1a
in the presence of 5 mol% of (1S2R)-2 gave (9)-2-methyl-1-phenyl-
propan-1-ol with 74% ee in 82% yield.

It is known that reaction between diethylzinc and sec-alcohol easily
forms zinc monoakoxide at 30 °C. Formation of zinc dialkoxide
requires heating (80 °C). M. Ishimori and T. Tsuruta, Mackromol.
Chem,, 1963, 64, 190.

A typical experimental procedure is as follows (Table 2, run 1): To an
ice-cooled 2-necked flask containing (1S2R)-DBNE 2 (13.7 mg, 0.05
mmol), neat Et,Zn (370 mg, 3 mmol) was transferred into the flask
through a cannula under an argon atmosphere. After the mixture was
stirred for 10 min at 0 °C, aldehyde 1b (120 mg, 1.0 mmol) was added
slowly to the mixture, and the mixture was stirred for 2 h. After excess
Et.Zn was removed under a reduced pressure, the reaction was
quenched by satd. ag. anmonium chloride. The mixture was extracted
with ether and the organic layer was dried over magnesium sulfate.
Concentration and purification on silicagel TLC gave (9-3b (149 mg,
99%). Ee was determined to be 90% by HPLC analysis using a chiral
stationary phase (Chiralcel OB-H).



