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Abstract : A chiral solid catalyst as a heterogeneous Lewis acid prepared from titanium tetraisopropoxide, 
(R,RH+)-l,2-bis(l-naphthalenesulfonamido)cyclohexane and 4,4'-biphenol has been found to promote the 
enantioselective addition of diethylzinc to benzaldehyde and is a reusable catalyst. 

Introduction 
The enantioselective addition of dialkylzinc reagents to aldehydes is one of the most widely studied carbon-carbon bond 

forming reactions. A variety of catalysts have been employed which facilitate this process with high enantioselectivity.1 

Yoshioka, Zhang and co-workers repotted the enantioselective addition of diethylzinc to benzaldehyde using sulfonamide 
ligands as the chiral catalysts.2,3 On the other hand, polymer-bound ligands as a heterogeneous Lewis acid have been 
widely utilized in organic synthesis due to the easy product isolation and work-up. Several reports on the use of 
polymer-bound ligands for the enantioselective addition of dialkylzinc to aldehydes have appeared.4 In a previous study, 
the authors developed new type of chiral solid catalysts which contain aluminum as building block of the polymer chain.3 

In this paper, we report the syntheses of several new types of chiral solid catalysts and application to the enantioselective 
addition of diethylzinc to benzaldehyde. 

Results and Discussion 
Chiral ligands la - e were synthesized according to Yoshioka's method.1' The chiral solid catalysts 2a - e were easily 

prepared as shown in scheme 1. The reaction of several disulfonamides la - e with tetraisopropyloxytitanium gave a clear 
solution of titanium-complexes at 40 t for 1 h. To the obtained solution was added 4,4'-biphenol, and almost 
immediately, insoluble dark red precipitates appeared. The reaction solution was then stirred for S h. The solid was 
collected by filtration, and 2a, 2b, 2c, 2d, and 2e were obtained in 97, 97, 95, 96, and 65 % yields, respectively. The 
obtained solid 2d was quenched with IM HCl, and the ratio of the disulfonyl derivative Id and 4,4'-biphenol in the residue 
was determined to be 1:1 based on 'H NMR spectrometry. Solid catalysts 2f using (R)-l,l'-di-2-naphthol (BINOL) or 2g 
using 4-methyl-Ar-(l-(S)-phenylethyl)benzenesulfonamido as a chiral source were also obtained by the same procedure in 
96 and 95 % yields, respectively. 

The reaction of benzaldehyde with diethylzinc was carried out in hexane at room temperature for 50 h in the presence 
of 20 mol % of these solid catalysts. The results are shown in Table 1. Among them, solid catalyst 2d produced 
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l-(S)-phenyIpropanol in 71 %ee with the best enantioselectivity (entries 1, 2, 3, 4, and 7). In addition, differences in the 
chiral sources of the solid catalysts strongly influence to the enantiomeric excess of the product (entries 3, 8, and 9). The 
recovered chiral solid catalyst 2d could be reused without reducing the yield and enantioselectivity of the product (entries 
5 and 6). In order to deny the participation of the solble catalysts, the reaction of benzaldehyde with diethylzinc was 
carried out in the presence of the filtrate obtained from 2d. Consequently, there was no product. This result indicates that 
the catalytically active species was the solid catalyst in the reaction. We propose a model to explain these results as shown 
in Figure 1. The orientation of the benzaldehyde could be well controlled by the two arene rings on the sulfonyl groups. 
Thus, the ethyl group of the diethylzinc can be transferred to the Si face of the substrate. 

In summary, we have designed and synthesized several chiral solid catalysts which contain titanium as a building 
block of the polymer chain. The solid catalyst 2d is an effective catalyst for the enantioselective addition of diethylzinc to 
benzaldehyde. The synthesis of this solid catalyst is quiet simple, and a variety of carbon-carbon bond forming reactions 
would be possible by carefully selecting the chiral source and organic metal. 
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Scheme 1. Syntheses of chiral solid catalysts 2a - 2g. 
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Experimental 
General Procedure for the Preparation of Solid Catalysts 2d. 

To a solution of (R,RH+M,2-bis(l-naphthalenesulfonamido)cyclohexane Id (197 mg, 0.4 mmol) in absolute THF (2 
ml) was added Ti(0-/Pr)4 (0.118 ml, 0.4 mmol), which was stirred at 40 t for 1 h. To the reaction solution was added 
4,4'-biphenol (74.4 mg, 0.4 mmol) in THF (4 ml) at the same temperature, and quickly, insoluble dark red precipitates 
appeared. The reaction solution was then stirred for 5 h. The solid catalyst 2d was collected by filtration under argon 
atmosphere, and 2d was obtained in 96 % (278 mg). 

General procedure for the asymmetry addition of diethylzinc to benzaldehyde 
To a suspension of the solid catalyst 2d (278 mg, 0.384 mol) in absolute hexane (2 ml) was added a 1.0 Μ hexane 

solution of EtjZn (2.3 ml, 2.3 mmol) at room temperature under an argon atmosphere and sttired for 30 min. To the 
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mixture was added benzaldehyde (203 mg, 1.92 mol) at -SO t , and this was stirred at the same temperature for SO h. The 

catalyst was removed by filtration and washed several times with hexane under an argon atmosphere. The filtrate was 

quenched by adding sat. aqueous NHiCL, and then extracted with ether. The extract was dried over anhydrous sodium 

sulfate and concentrated to give pure l-(S)-phenylpropanol,[ a ]20°-32.3* (c = 5.0, CHCI3) in 93 % (243 mg) yield and 

in 71 %ee. 

OH 
/ = \ Solid C*«ty«t, Gt̂ Zn 0 2®<l·). HBXIDC I 

IZsÖh " ( J ^ B 
Table 1. Enantiosdective Addition of Diethylzinc to Benzaldehyde Catalyzed by 

Chiral Solid Catalysts 

Entry Solid Catalyst Yield of l-Ph«rylpropanol ee(%)b> 
C/o)r> (Config.) 

1 2a 87 36(S) 

2 2b 88 17 (S) 

3 2c 94 30 (S) 

4 2d 93 71 (S) 

5°) 2d 88 68 (S) 

6<D 2d 90 70 (S) 

7 2e 84 3(S) 

8 2f 60 0 

9 2g 55 22 (S) 

a) Isolated yield, b) Absolute configuration in parentheses was determined 
by comparison of optical rotation with reported values, c) Once used catalyst 
was used, d) Twice used catalyst was used. 

Figure 1. Proposed transition state model 

Acknowledgement: The authors thank Dr. Taeko Izumi for the optical analysis. 

425 



Vol. 8, No. 5, 2002 Synthesis ofchiral solid catalysts and application to enentioselective addition 
diethyzinc to benzaldehyde 

References 
1 a) R Noyori, and M. Kitamura, Angew. Chem. Int. Ed Engl., 30,49 (1991). b) K. Soai, and S. Niwa, Chem. Rev., 92, 
833 (1992). c) H. Takahashi, M. Yoshioka, and S. Kobayashi, J. Synth Org. Chem. Jpn., 55, 58 (1997). d) T. Mukaiyama, 
K. Soai, T. Sato, H. Shimizu, and K. Suzuki, J. Am. Chem. Soc., 101,1455 (1979). e) N. Oguni, and T. Omi, Tetrahedron 
Lett., 25, 2823 (1984). f> N. Oguni, and Y. Matsuda, J. Am. Chem. Soc., 110, 7877 (1988). g) M. Kitamura, S. Suga, Κ 
Kawai, and R Noyori, J. Am. Chem. Soc., 10β, 6071 (1986). h) M. Kitamura, S. Okada, S. Suga, and R Noyori, J. Am. 
Chem. Soc., I l l , 4028 (1989). i) M. Mori, and T. Nakai, Tetrahedron Lett., 3«, 6233 (1997). 

2 a) M. Yoshioka, T. Kawakita, and M. Ohno, Tetrahedron Lett., 30, 4947 (1989). b) H. Takahashi, T. Kawakita, M. 
Yoshioka, S. Kobayashi, and M. Ohno, Tetrahedron Lett., 30, 7095 (1989). c) H. Takahashi, T. Kawakita, M. Ohno, M. 
Yoshioka, and S. Kobayashi, Tetrahedron, 48, 5691 (1992). 

3 a) C. Guo, J. Qiu, X. Zheng, D. Verduga, M. L. Larter, R Christie, P. Kenney, and P. J. Walsh, Tetrahedron, 53,4145 
(1997). b) X. Zheng, and C. Guo, Tetrahedron Lett., 36,4947 (1995). 
4 a) T. Suzuki, N. Narisada, T. Shibata, and K. Soai, Tetrahedron; Asymmetry, 7,2519 (1996). b) K. Soai, S. Niwa, and 
M. Watanabe, J. Chem. Soc., Perldn TYans. 1,1989,109. c) K. Soai, S. Niwa, and M. Watanabe, J. Org. Chem., S3,927 
(1988). d) S. Itsuno, and J. M. J. Frechet, J. Org. Chem., 52,4140 (1987). e) K. Soai, S. Niwa, and A. Yamamoto, J. Org. 
Chem., 55,4832 (1990). 

5 T. Nagasawa, N. Kudo, Y. Hida, K. Ito, and Y. Ohba, Bull Chem. Soc. Jpn., 74,989 (2001). 

Received on May 11,2002 

426 


