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ORGANOALUMINUM REAGENT AS A CHEMICAL TOOL FOR ASYMMETRIZATION

Yuji Naruse and Hisashi Yamamoto*
Department of Applied Chemistry, Nagoya University
Chikusa, Nagoya 464, Japan

Summary: A new process is described for the asymmetrization of meso ketones

using organcaluminum reagent.

Enzymes have a remarkable ability to recognize the stereochemical
properties of chiral or prochiral substrate and catalyze chemical
transformations with a high degree of stereospecificity. From the synthetic
point of view, the most spectacular application of these unique properties are
the asymmetrization of the symmetric diester with pig liver esterase and its

application to the synthesis of antibiotics by ohno. !

Can asymmetrization of
the similar type be observed in a purely nonbiochemical reaction?? This paper
addresses an approach which heavily depends on organcaluminum reagents and
homochiral protecting group.3

Our initial concern was to find the direct method for the conversion of a
meso ketone to an asymmetric enolate using chiral lithium amides.%r° However,
difficulties were soon encountered in the synthesis of chiral amines of an
appropriate structural features. Meanwhile, the chiral acetal approach as an
effective asymmetric synthesis have been developed by our group6 and others’
which certainly must be the logical extension of this work. Furthermore, the

successful selective kinetic resolution of cyclic ketones (Scheme 1) recently
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developed by us provided an additional stimulus.8 We describe herein a new
synthetic method based on these considerations with organocaluminum reagent.
The method appears to offer special advantages of efficiency of the reaction
and more importantly procedural simplicity. Two modifications have been
studied, one involving triisobutylaluminum and the other dialkylaluminum

amides,9 as expressed by scheme 2,
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Treatment of the meso ketone 1 (R = Me) with (2R,4R)-2,4-pentanediol in
the presence of pyridinium tosylate produced the acetal 2 (R = Me) in >95%
yields. It was subjected to excess triisobutylaluminum in dichloromethane at
-78°C for 30 min and 0°C for 4 h to give the enol ether 3 (R = Me), which was
directly converted to the corresponding acetate 4. Gc analysis of the product
revealed the diastereoratio of 9 : 1. The absolute configuration of the ether
was determined as S by an independent synthesis.10 The results of several
experiments with a variety of substrates are summarized in Table 1.

Although the practicality of the triisobutylaluminum method is apparent,
further studies are necessary to increase the stereoselectivities of the
reaction. The ideal reagent for this type of elimination reaction appeared to
be dialkylaluminum amides previously developed by us for the oxirane

rearrangement.9

Thus, we have synthesized a variety of aluminum amides to
test the selectivities of the reaction. Most of these were either totally
ineffective as reagents or less satisfactory than triisobutylaluminum.

However, it was finally ascertained that,the amide 6 performed the desired
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transformations with superior reactivity and selectivity to the triisobutyl-

aluminum method. Table 2 summarized the results.

Table 1. Asymmetrization of cyclic ketones using triisobutylaluminum

Entry Acetal Reaction Conditions Yield Ratio
equiv Solvent  Temp(®C),h (%) 3a : 3b

1 2, R = Me 4 CH,Cl, 0, 4 99 87 : 1310
2 4 CH2C1CH2C1 0, 6 90 77 : 23
3 4 Toluene 0, 6 53 76 : 24
4 4 Hexane 0, 6 37 84 : 16
5 4 CHC13 0, 5 58 84 : 16
6 10 CH,C1, 0, 6 76 88 : 12
7 20 CH2C12 -20, 9 70 88 : 12
8 20 CH2C12 -40, 5 72 88 : 12
9 4 CH,C1, -78, 0.5; 0, 8 99 90 : 10
10 2, R = Et 4 CH,C1, -78, 0.5; 0, 8 99 86 : 14

11 2, R="%Bu 4 CH,Cl, -78, 0.5; 0, 8 99 89 : 1111
12 5 4 CH2C12 -78, 0.5; 0, 8 99 91 :+ 9

Table 2. Asymmetrization of cyclic ketones using dialkylaluminum amides

Entry Acetal Reagent(equiv) Solvent Temp(oc) . h Yield Ratio
(%) 3a : 3b

1 2, R = Me Me,alTMP? (4) Toluene 0, 2 16 82 : 18
2 Et,A1TMP (4) Toluene 0, 6 90 84 : 16
3 iBu,AlTMP (4) Toluene 0, 10 70 81 : 19
4 612 (4) Toluene 0, 4 99 89 : 11
5 6 (10) Toluene -78, 0.5; 0, 6 48 90 : 10
6 712 (4) Toluene 0, 8 <5 -— 7 ==
7 2, R = Et 6 (10) Toluene -78, 0.5; 0, 6 91 92 : 8
8 2, R = tBu 6 (10} Toluene -78, 0.5; 0, 6 95 88 : 12
9 5 6 (10) Toluene -78, 0.5; 0, 6 69 94 : 6

& P = 2,2,6,6-Tetramethylpiperidide

(o}
¢-Bu Me ¢-Bu
e e NAI;-Bu, NAIi-Bu,
t-Bu ¢-Bu
5 612 712



1366

Acknowledgment. We are indebted to Mr. A. Mori for numerous helpful
discussions during the course of this investigation. This work was assisted

financially by grants from the Ministry of Education, Japanese Government.

References and Notes

1. M. Ohno, In "Enzymes in Organic Synthesis," Ciba Foundation Symposium,
111, 171 (1985).

2. For another approach to this problem, see Y. Nagao, T. Ikeda, M. Yagi, E.
Fujita, M. Shiro, J. Am. Chem. Soc., 104, 2079 (1982).

3. I. Arai, A. Mori, and H. Yamamoto, J. Am. Chem. Soc., in press.

4. At the final phase of our work, Koga reported the similar asymmetrization
reaction using chiral lithium amides: R. Shirai, M. Tanaka, and K. Koga,
Abstract of the Third IUPAC Symposium on Organometallic Chemistry Directed
Toward Organic Synthesis, pl95 (1985).

5. For selective ring opening of epoxides using chiral lithium amides, see J.
K. Whitesell, S. W. Felman, J. Org. Chem., 45, 755 (1980); M. Asami,
Chem. Lett., 829 (1984); Tetrahedron Lett., 26, 5803 (1985).

6. A Mori, J. Fujiwara, K. Maruoka, and H. Yamamoto, Tetrahedron Lett., 24,
4581 (1983); A. Mori, J. Fujiwara, K. Maruoka, and H. Yamamoto, J.
Organometal. Chem., 285, 83 (1985).

7. J. D. Elliott, J. Steele, and W. S. Johnson, Tetrahedron Lett., 26, 2535

(1985) and references cited therein.
8. A. Mori and H. Yamamoto, J. Org. Chem., in press.
K. Maruoka and H. Yamamoto, Angew. Chem., 97, 670 (1985).
10. The absolute configuration of the product was determined as follows:

1 2 3
CHQ —m—— ———— OHC/\/\/CH(OMe)Z B

Yy, ", T/Y

(o] s o} OAc
4 5 Ac o/\/w - 5 2
— e - - -

1: CH(OMe),, " 2 0,.
5: (2R,4R)-2,4-Pentanediol, H

EIIIIH"
{10

Me,S; 3: NaBH4; 4: Acy0
i 6: LiAlH,

11. (38)-3-tert-Butylhexanedioic acid was synthesized and identified as

follows: see, M. Tichy, P. Malon, I. Fric, and K. Blaha, Collect. Czech.

Chem. Commun., 42, 3591 (1977): [@]ly = 17.2° (¢ = 1, acetone).

‘uy, » T/\|/
1,

(o] OAc
HO,C
1 2 0, \/Y\COZH [(x]f)O = 12.5° (¢ = 1, acctone)
t-Bu
1: KMnO,-NalO 2: NaOH

t-Bu 4 4
12. R. R. Fraser and T. S. Mansour, J. Org{ Chem., 49, 3443 (1984).

(Received in Japan 9 January 1986)



