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Abstract: 8-Hydroxy ester was formed in high enantiomeric excess by
the reaction of ketene silyl acetal with aldehyde in the presence of a
chiral Lewis acid prepared from diethylaluminum chloride and chiral
diol derived from (+)-camphor.

Ready accessibility of camphor in both enanttiomeric forms coupled
with recent interest in the creation of asymmetric environment induced
by a Lewis acidl has prompted us to search for a new chiral Lewis
acids. Several years ago Reetz reported that the use of a chiral Lewis
acid prepared from (-)-pinanediol and diethylaluminum chloride met
with moderate success in the reaction of ketene silyl acetal with
aldehyde, and aldol adduct was formed in 15% yield with 66% ee.2
This observation is quite interesting because the asymmetric induction
was possible using a simple aluminum reagent which underwent ready
aggregation. Recently remarkable achievement was reported by
Yamamoto and Maruoka who used aluminum reagents possessing
sterically demanding ligands.3 High asymmetric induction attained by
them may be in part due to the formation of monomeric aluminum
reagents effected by such bulky ligands. We have been interested in
the use of camphor derivatives as chiral auxiliary and already
disclosed B-lactam synthesis and imino pinacol coupling.4
Considering accessibility and the ease in manipulating their
functionalities, we investigated new Lewis acids formed from
camphor derivatives, and would like to report herein an asymmetric
aldol reaction promoted by chiral Lewis acids derived from bornane-
2.3-diols.
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Chiral ligands were readily prepared from (+)-camphor in the
following manner: (+)-camphor was oxidized with selenium dioxide
to give camphorquinone in 70% yield,5 and the subsequent reduction
with DIBAL gave the diol 1a in 92% yield,6 whereas protection of
one of the carbonyls with ethylene glycol followed by Grignard
addition, deprotection, and reduction afforded alkyl- or phenyl-
substituted diols 1b~e in good overall yields.?

First, the effect of substituent was examined. The chiral Lewis acid 2
was prepared by mixing diol 1 and diethylaluminum chloride in
toluene at 70 °C for 1.5 h, and the addition reaction was carried out by
adding a mixture of ketene silyl acetal 3 and benzaldehyde 4 in
toluene at -78 °C ~ room temp. The results are summarized in Table
1.

Table 1. The Effects of Substituent in the Aldol Reactiona

Entry Diol Time/h  Temp/°C  Yield/%b  %eet

1 la 8 -78 ~-3 14 74
2 1b 15 <78 ~ 1t 21 55
3 1c 12 “78 ~r1t 19 50
4 1d 10 -78 ~ 1t 33 17
b e 8 -18~-3 24 25

2The reaction was carried out according to the typical experimental
procedure except for the temperature (70 °C for 1.5 h) for the
preparation of the chiral Lewis acid. Isolated yield. cDetermined by
HPLC analysis using a chiral stationary column (Daicel OJ), and the
absolute configuration was determined by comparison of the optical
rotation.8

As shown in Table 1, the reaction was sensitive to the steric bulk of
the substituent, and i-propyl, a sterically demanding group, did not
record good enantiofacial discrimination, whereas sterically less-
demanding groups provided good discrimination. In particular, when
R was H the highest enantiofacial discrimination was observed. These
observations suggest that a highly associated active Lewis acid species
would be formed in the present reaction. To clarify this hypothesis the
molecular weight determination was carried out on the complex
formed from diol 1a and diethylaluminum chloride.9 An average
molecular weight of about 8000 was obtained for the complex, which
indicated that a highly associated complex was actually formed in the
present reaction medium.

Reaction conditions for the complex formation using diol 1a and
addition steps were examined in order to optimize the present reaction,
and Table 2 summarizes the results.

Table 2. Comparison of Reaction Conditionsa
Entry Solv Conctn/M Temp 1/°Cb Temp 2/°CcYield/%4%eeeConfigf

1 PhCH; 0075 70 78~3 14 74 R
2 PhCH3 0.075 It 73~23 28 80 R
3 PhCH; 0.15 0 0 64 75 R
4  PhCH3 0075 0 0 64 8 R
S PhCH3; 005 0 0 4 88 R
6 PhCH; 0.038 0 0 37 9 R
7  PhCH3 0.025 0 0 39 89 R
8 PhCHz 0075  -23 23-0 17 13 S
9  PhCH3 0075  -46 46 34 12 S
10 CHyCl; 0.05 0 0 46 31 R
11 PhCl 005 0 0 5571 R
12 PhH 005 15 15 34 93 R

aThe reaction was carried out according to the typical experimental
procedure using la as a chiral auxiliary. bTemperature for the
preparation of the chiral Lewis acid. cTemperature for the addition
reaction. dIsolated yield. ©Determined by HPLC analysis using a
chiral stationary column (Daicel OJ). fDetermined by comparison of
the optical rotation.8

The reaction temperature for the complex formation was crucial both
for the product yield and the enantiomeric purity, and the reactions
conducted at 0 °C improved the product yield uvp to 64%.
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Concentration of the substrates was also crucial for the enantiofacial
selectivity, and the lower concentration produced better enantiomeric
excess. Interestingly, the reaction conducted at -23 or -46 °C gave the
aldol product of opposite stereochemistry, where S-isomer was
formed, indicating that the stage of aggregation was highly dependent
on the reaction temperature. Among the solvents screened, toluene or
benzene was found to be the solvent of choice, where the latter
recorded the highest enantifacial discrimination.

The following example represents a typical experimental procedure: to
a solution of the diol 1a (31.9 mg, 0.187 mmol) in toluene (2 mL) was
added Et;AlCI] (0.158 mL, 0.95 M in n-hexane, 0.150 mmol) at 0°C
during 10 min, and the mixture was stirred at 0 °C for 4.8 h. A
mixture of the ketene silyl acetal 3 (31.1 mg, 0.165 mmol) and
benzaldehyde (15.9 mg, 0.150 mmol) in toluene (2 mL) was added to
the resulting mixture at 0 °C during 50 min. After being stirred at 0
°C for 22 h, the reaction mixture was quenched by adding a phosphate
buffer solution (2 mL), and the entire mixture was filtered through a
Celite pad. The filtrate was extracted with ethyl acetate (5 mL x 3),
and the combined extracts were dried over MgSO4.  After
concentration, the crude oil was purified on preparative TLC to give
adduct 5 as a colorless oil (21.5 mg, 64 %). HPLC analysis using a
chiral stationary column (Daicel OJ) indicated that the enantiometric
purity was 82% ee.
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3-Phenylpropanal 6, and (E)-cinnamaldehyde 7 also participated in the
present aldol reaction with the ketene silyl acetal 3 to give the aldol
adducts 10, 11 in 50% yield with 58% ee,10 and 61% yield with 87%
ee, 10,11 respectively. The anti-selectivity was observed in the reaction
of ketene silyl acetal 8 with benzaldehyde, where the ratio of anti-
(2R,35)-12 : syn-(25,35)-12 was 80 : 20 with 90% ee!12.13 of the major
isomer being obtained. However, the ketene silyl acetal 9 derived
from simple acetate did not react with aldehydes under the present
conditions, and no aldol product was obtained.

In conclusion, the chiral Lewis acid 2a prepared from bornane-2,3-
diol 1a and diethylaluminum chloride provides a simple entry into p-
hydroxy esters in an enantioselective manner. The behavior of a
highly associated Lewis acid studied here is of interest in contrast to
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the well-dissociated counterparts successfully used in a variety of
reactions. Since the recovery of the chiral auxiliary from the reaction
mixture was simply carried out on TLC in good yield (>85%), the
present procedure offers a convenient addition to the existing
methodologies of asymmetric aldol reactions.

References and Notes

(1) For recent reports, see for example, Furuta, K.: Maruyama, T.:
Yamamoto, H. J. Am. Chem. Soc., 1991, 113, 1041. Parmee, E.
R.: Tempkin, O.: Masamune, S. ibid., 1991, 113, 9365. Kiyooka,
S.: Kaneko, Y.: Komura, M.: Matsuto, H.: Nakano, M. J. Org.
Chem., 1991, 56, 2276. Corey, E. J.: Cywin, L.: Roper, T. D.
Tetrahedron Lett., 1992, 33, 6907. Mikami, K.: Matsukawa, S. J.
Am. Chem. Soc., 1993, 115, 7039. Kobayashi, S.: Uchiro, H.:
Shima, I.: Mukaiyama, T. Tetrahedron, 1993, 49, 1761.
Kobayashi, S.: Horibe, M. J. Am. Chem. Soc., 1994, 116, 9805.
Carreira, E. M.: Singer, R. A.: Lee, W. ibid., 1994, 116, 8837.
Kobayashi, S.: Hayashi, T. J. Org. Chem., 1995, 60, 1098. Keck,
G. E.: Krishnamurthy, D. J. Am. Chem. Soc., 1995, 117, 2363.
Uotsu, K.: Sasai, H. Shibasaki, M. Tetrahedron Asymm., 1995, 6,
71. Evans, D. A.: Murry, J. A.: Kozlowski, M. C. J. Am. Chem.
Soc., 1996, 118, 5814. Denmark, S. E.: Winter, S. B. D.: Su, X.:
Wong, K.-T. ibid., 1996, 118, 7404.

(2) Reetz, M. T.: Kyung, S.-H.: Bolm, C.: Zierke, T. Chem. Ind.
(London), 1986, 824.

(3) For reviews, see, Maruoka, K.: Yamamoto, H. In Catalytic

Asymmetric Synthesis; Ojima, 1., Ed.; VCH: New York, 1993, pp

413-440. Maruoka, K.: Yamamoto, H. Angew. Chem. Int. Ed.

Engl., 1985, 668.

Shimizu, M.; Teramoto, Y.; Fujisawa, T. Tetrahedron Lett. 1995,

36, 729. Shimizu, M.; lida, T.; Fujisawa, T. Chem. Lett. 1995,

609.

(5) Meyer, W. L.: Lobo, A. P.: McCarty, R. N. J. Org. Chem., 1967,
32,1754.

(6) Angyal, S.J. Young, R. J. J. Am. Chem. Soc., 1959, 81, 5467.

(7) Mitteil, VL: Herold, T.: Hoffmann, R. W. Chem. Ber., 1981, 114,
359. Hoffmann, R. W.: Herold, T. ibid., 1981, 114, 375 (1981).
Dallacker, F.: Erkens, M.: Kusumavati, S. ibid., 1978, 111, 3191

(8) Guette, M.: Capillon, J.: Guette, J.-P. Tetrahedron, 1973, 29,
3659. Kende, A. S.: Kawamura, K.: Orwat, M. J. Tetrahedron
Lert., 1989, 30, 5821.

(9) Pasto, D. J.: Johnson, C. R. Organic Structure Determination;
Prentice-Hall; Englewood Cliffs, 1969, pp 73-80.

(10)Determined by HPLC analysis (Merk Hibar column) of the
MTPA derivative.

(11)Determined by GLC analysis using a chiral stationary column
(Chiraldex G-TA, 20 m).

(12)Determined by HPLC analysis using a chiral stationary column
(Daicel OJ).

(13)Cf. Denmark, S. E.: Griedel, B. D.: Coe, D. M.: Schnute, M. E. J.
Am. Chem. Soc., 1994, 116, 7026.

4

~

Downloaded by: University of Liverpool. Copyrighted material.



	Y�fð•_Ù‰Q_7ò
	ß`U�ˇ�


