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Abstract:  The tridentate amino ether ligands 1 and 14 were developed through 
systematic structural modification of the bidentate diether ligand 2. The reaction 
of  thiophenol  with methyl  crotonate was catalyzed by 14 and lithium 
thiophenolate to afford (S)-methyl 3-phenylthiobutanoate in 75% ee and 95% 
yield. © 1998 Elsevier Science Ltd. All rights reserved. 

Enantioselective conjugate addition of thiophenol to c~,~-unsaturated carbonyl compounds has been 

well established to provide a new chiral carbon at the [3-position by the use of cinchona alkaloids and 

proline-derived chiral amines as catalysts. 1 However, these reactions are only limited to activated olefins 

such as enones and are not applicable to enoates. Exception is the reaction with diisopropyl maleate to 

afford the adduct in 81% ee and 95% yield at 0 °C after 21 days. 2 As our continuing studies toward 

enantioselective reactions of organolithiums based on an external chiral ligand, 3,4 we have developed the 

catalytic asymmetric addition of thiophenol to enoates using lithium thiophenolate as a catalytic nucleophile 

which has higher reactivity than thiophenol activated by amine. 5 Although rational design of the ligand is a 

key to the success, much more information on the structural requirements of the ligand is necessary to this 

goal. We describe herein our systematic approach toward the ligand tuning for the catalytic asymmetric 

reaction of  lithium thiophenolate with enoates. 6 

P h ~ P h  R 1 
Me2N " '~CO2Me 

HS 2-R2phSLieq S ~  
R 1""~'~CO2M e + ~ 0.08 MeO MeO OMe 

R 2 ~  R 2 2 
toluene-hexane (1 : 1) up to 97% e e  

The chiral tridentate amino ether 17 has been developed after systematic modification of  2 and proved 

to be useful in the catalytic asymmetric carbon-sulfur bond-forming reaction of  2-trimethylsilylthiophenol 

with enoates to provide 3-(2-trimethylsilylphenylthio)carboxylates in up to 97% ee. 8 Based on 2 of  which 

versatility has been proved in the asymmetric reaction of  organolithiums, 4,9 lithium ester enolates, IO and 

lithium phosphonate, I I investigation of  structural requirements of  the ligand was carried out in three ways; 
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(1) replacement of one methoxy to dimethylamino group, (2) replacement of methoxy to other additional 

coordinating group, and (3) positional and steric tuning of the two phenyl groups on the chiral centers. As 

shown in Table 1 and 2, we examined three types of ligand, the first type 2-6 are bidentate ligands, the 

second 1 and 7-10 are tridentate ligands, the third 11-14 are tridentate ligands having different steric 

circumstance on the ethylene backbone. 

The ligands 1 and 4-8 were prepared by the reaction of (R,R)-2-dimethylamino-l,2-diphenylethanol 

with the corresponding fluorides 12,13 as shown in the following selected cases.14 The ligand 9 was prepared 

by the reaction with the corresponding tosylate. The ligand 10 was prepared from (R,R)-l,2-diphenylethane- 

1,2-diol. The ligands 3,15 11, 7 12,7 13,7 and 147 were prepared according to the previously reported 

procedure. 

Ph Ph 

Me2N.~-~OH 

Ph Ph 
~ C  1. Nail, DMF 

M 2. 12, THF Me2N O 

e r(CO) 3 88% 1 MeO 

Ph Ph 
F 1. Nail, DMF "- .~#'  
N" ~ 2 Fe' FeS04' H20 N," ~0 • i ~ / ~  + Me 2 

0 2 3. HCHO, NaCNBH3 
AcOH 8 Me2N 

87% 

The reaction of thiophenol (3 eq) with melhyl crotonate was examined with 0.08 eq of lithium 

thiophenolate and 0.1 eq of 2 in toluene at -20 °C for 3 h. On the contrary to our expectation, (S)-methyl 3- 

phenylthiobutanoate 16 was obtained in only 6% ee (Table 1). The ligand 3 with a dimethylamino group of 

much powerful coordinating ability afforded the nearly racemic product. Then, the methoxy group of 3 was 

changed to more bulky phenoxy group, 4, affording (R)-product in 29% ee. The 4-methoxyphenoxy ligand 

5, which has higher coordinating ability than 4 by the 4-methoxy activation, gave 21% ee. The 2-methyl- 

phenoxy ligand 6, which has coordinating ability weaker than 4 and 5 due to steric reason, gave 10% ee. 

We next examined tridentate ligands. Modification of the phenoxy moiety of bidentate 4 was proved 

to be successful. The 2-methoxyphenoxy ligand 1 gave (S)-ester in 71% ee. The 2-amino- and 2-dimethyl- 

aminophenoxy ligands 7 and 8 also gave (S)-ester, but in 20 and 34% ees, respectively. Although the ligand 

9 is the tridentate ligand, it gave only 2% ee, indicating the necessity of the 2-methoxyphenoxy moiety. The 

importance of the dimethylamino group in 1 is shown by the methoxy version 10 that gave 22% ee. 

It is worthy to note that tridentate ligands 1, 7, 8, and 10 gave (S)-ester, whereas bidentate ligands 4-6 

gave (R)-ester. The change in the sense of enantiofacial selection is attributable to the change of complex 

mode, that is, the ligands 1, 7, 8, and 10 are tridentate ligands for the lithium to satisfy its tetravalency and 

form a bicyclic [3.3.0] complex. 

Next we examined effect of the two phenyl groups at the chiral carbons of 1 (Table 2). The ligand 11, 

which lacks one phenyl group on the carbon bearing dimethylamino group, gave 63% ee. The ligand 12, 

which lacks also one phenyl group on the carbon attached by 2-methoxyphenoxy group, gave 50% ee. 

Superiority of 1 to 11 and 12 is attributable to the presence of two phenyl groups in trans-manner. Thus, the 

ligand 13, placing two phenyl groups in cis-manner, gave the nearly racemic ester. Placing a methyl in place 
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of one phenyl group of I gave the comparable 75% ee as shown by the reaction of 14. 

Table 1. Asymmetric Reaction of Thiophenol with Methyl Crotonate Catalyzed by Ligands 1 - 10 

PhSLi - Ligand 
0.08 eq M S 

M~/~.-..CO2M e + PhSH - ~ " C O 2 M e  
3 eq toluene SPh 

-20 °C, 3 h 

Bidentate ligands Ptl Ph 

2% MeO OMe Me2N OMe Me2 

2 3 4 

yieldP/o 92 85 99 
eeP/o 6 1 ent-29 

Tridentate ligands 

Me2N O ~ . ~  M e 2 N  O e ~  

5 OMe 6 M 
90 99 

ent-21 ent- 10 

Ph~Ph P~ .Ph P ~ P h  P ~ P h  P ~ P h  

Me2N Me~[~Me2N' 2~.. ~ M e 2 N M e 2 ~  ] Me2 N H O Me~ MeO M e ~  
1 7 8 9 10 

yield/% 99 99 99 98 81 
eel% 71 20 34 2 22 

Table 2. Asymmetric Reaction of Thiophenol with Methyl Crotonate Catalyzed by Ligands 11 - 14 

Ph PI3/~ P I~Ph  Me. ~Ph 

Me2N O /-- Me2N O Me2N O Me2N' O 

MeO ~ / MeO ~ M e O - ~  M e O - ' ~  
11 12 13 14 

yield/°/° 93 91 94 95 
ee/% 63 50 ent-2 75 

It became apparent that, for the external chiral ligand in the conjugate addition reaction of thiophenol 

with crotonate, tridentate ligand is the favorite, and furthermore, two groups on the 
Ph ph 

ethylene bridge are arranged in t r a n s  placement. These results indicate the existence 

of bicycle[3.3.0] complex 15 as active species in the reaction. 17 Me2b~ ~)D,,,(~,~ 

Further studies toward structure tuning of the ligand based on 15 for PhsSLi~,.£.~.~9__ 
improvement of the reaction efficiency are in progress in our laboratories. 15 Me 
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