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Abstract: Enantioselective asymmetric alkylation of achiral lithium enolates mediated by 
chiral tetradentate amine ligands is achieved to give chiral quaternary carbon centers. 
Turnover of a chiral tetradentate amine in the presence of an achiral bidentate amine 
during the reaction is also realized. © 1999 Elsevier Science Ltd. All rights reserved. 
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Enantioselective reactions of achiral lithium enolates with achiral electrophiles using chiral ligands for 

the lithium provide a promising method for the construction of carbon stereocenters.I We have previously 

reported that some chirai multidentate amine ligands are efficient chirai auxiliaries for eaantioselective 

alkylation, 2a-e aidolization, 2f Michael addition,2g ,h and protonation2i,j by this strategy. In the alkylation of the 

lithium enolate (4a) of l -tetralone with reactive alkyl halides in the presence of lithium bromide in toluene, the 

products having chiral tertiary carbon were obtained in good chemical and optical yields by using a 

stoichiometric amount of a chiral tetmdentate amine ((R)-la) (for example, run I in Table I )2c. It is also shown 

that catalytic asymmetric alkylation is realized by using less than a stoichiometric amount of (R)-la in the 

presence of 2 equivalents of achirai bidentate amine (2b). 2c However, construction of chiral quaternary carbon 

center by asymmetric alkylation of the lithium enolate (4b) of 2-methyl-I -tetralone by the same strategy was not 

successful, even in the presence of a stoichiometric amount of (R)-la (for example, run 2 in Table l). A 

systematic survey focused on chirai tetradentate amine ligands for the construction of chiral quaternary carbon 

centers revealed that (R,R)-lf with C2-symmetric nature was most effective for this purpose. 
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3 1 : R = H  4a:  R = H  
b : R = M e  b : R = M e  
¢ : R = C H 2 P h  c :  R=CH2Ph 
d : R = B u  n d ;  R = B u  n 

(R)-Sa: R=H,  R'=CH2Ph 
(R)-Sb : R = Me, R' = CH2Ph 
(S)-5b : R = CH2Ph, R' = Me 

5c : R, R' = Bu n, CH2Ph 
5(:1 : R, R' = Me, CH2-CH=CH2 
5e: R, R' = Me, Bun 

Table I Enantioseiective Alkylation of 4 Using 1 (1 equivalent) in the Presence of LiBr a 

Run 

Product 
Substrate Ligand Temp. Time 

4 1 R-X Solvent (°C) (hr) 5c Yield (%) E.e. (%) 

1 b 4a (R)-la PhCH2Br toluene -45 18 (R)-Se 56 97 

2 4b (R)-la PhCH2Br toluene - 18 48 (R)-Sb 16 12 
3 4b (R)-I b PhCH2Br toluene - 18 48 (R)J3b 60 13 
4 41b (R)-lc PhCH2Br toluene -18 48 (R)-Sb 43 3 

5 4b (R)-ld PhCH2Br toluene -18 48 (R)-Sb 64 31 

6 4b (R,R)-le PhCH2Br toluene -18 48 (R)-Sb 58 42 
7 4b (R,R)-If PhCH2Br toluene -18 48 (R)-Sb 97 85 

8 4b (R,R)-lg PhCH2Br toluene -18 48 (R)-Sb 66 47 

9 4b (R,R)-lf PhCH2Br toluene -45 48 (R)-Sb 93 94 

10 4b (R,R)-lf PhCH2Br toluene -45 18 (R)-Sb 86 93 

11 4b (R,R)olf PhCH2Br toluene -78 18 (R)-Sb 8 97 

12 4b (R,R)-lf PhCH2Br DME -45 18 (RS)-Sb 26 -0 
13 4b (R,R)-lf PhCH2Br THF -45 18 (RS)-Sb 46 -0 

14 4b (R,R)-I f PhCH2Br ether -45 18 (R)-E,b 17 30 
15 4b (R,R)-If PhCH2Br hexane -45 18 (R)-Sb 14 76 

16 4a (R,R)-lf PhCH2Br toluene -45 18 (R)-Sa 57 84 

17 4b (R,R)-lf CH2=CH-CH2Br toluene -45 18 5d 63 97 
18 4b (R,R)-lf nBul toluene -45 18 5e 0 
19 4c (R,R)-lf Mel toluene -45 18 (S)-5b 5 73 

20 4d (R,R)-lf PhCH2Br toluene -45 18 5c 14 51 

a For general procedure, see note 3. b Data taken from ref. 2c. c Absolute configuration of (S)-Sb was deter- 
mined as shown in note 4. Absolute configurations of 5e, 5d, and 5e are not yet determined. 

Table 1 shows the results of a survey for chiral ligands and experimental conditions 3 using a stoichio- 

metric amount of chiral tetradentate amines ((R)-la-(R,R)-lg). For the benzylation of 4b, (R,R)-If was the 

best ligand among them, giving the product ((R)-5b) 4 in up to 93% yield and 94% ee in toluene (run 9). As 

was the case for the construction of chiral tertiary carbons by the same strategy, 2a-c,e toluene is superior as a 

solvent to give the product in much higher ee than DME, THF, and ether (runs 10 vs 12-14), indicating that 

ligating solvents can compete with (R,R)-lf as the ligand for the lithium of lithium enolate. It is also shown 

that (R,R)-lf works efficiently for the reaction of 4a and 4b only with reactive alkylation reagents (runs 16, 
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10, and 17 vs. 18). For the substrates (4c, 4(I) having a bulkier substituent at 2-position, chemical yields and 

ee's of the products were found to be lower. 

An approach to catalytic version of the above reaction as to the (R,R)-If was made using the conditions 

reported previously. 2c The results are summarized in Table 2. The reaction does not proceed practically in the 

absence of any ligand (run I). In the presence of ligand(s), the reaction is enhanced greatly in the presence of I 

equivalent of (R,R)-lf (run 2), but not at all in the presence of 0.1 equivalent of (R,R)-If (run 3), while it is 

enhanced to some extent in the presence of 2 equivalents of an achiral bidentate ligand (2b) (run 4). These 

results mean that one of the conditions for catalytic asymmetric alkylation to carry out in the presence of (R,R)- 

I f  and 2 is fulfilled, expecting ligand exchange in situ. 

Table 2 Catalytic Benzylation of 4b with Benzyl Bromide (10 equivalents) Using (R,R)-lf 
in the Presence of Achiral Ligand to give (R)-Sb a 

Chiral ligand Achiral ligand Product 

Run (R,R)-lf (eq) 2 (eq) Time (hr) 5b Yield (%) E.e. (%) 

1 0 0 18 (RS)-Sb -0 
2 b 1.0 0 18 (R)-E,b 86 93 

3 0.1 0 18 (R)-Sb ~0 
4 0 2b (2.0) 18 (RS)-Sb 12 

5 0.1 2a (2.0) 48 (R)-Sb 14 48 
6 0.1 2b (1.0) 48 (R)-Sb 28 86 
7 0.1 2b (2.0) 48 (R)-Sb 66 80 
8 0.1 2b (2.0) 96 (R)..Sb 69 77 
9 0.1 2c (2.0) 48 (R)-$b 49 88 

10 0.1 2c (3.0) 48 (R)-Sb 33 77 
11 0.1 2d (2.0) 48 (R)-Sb 14 87 
12 0.1 DME (2.0) 48 (R)-51b 4 18 
13 0.1 2e (2.0) 48 (R)-Sb 19 84 
14 0.1 2f (2.0) 48 (RS)-Sb 89 ~0 
15 0.1 2g (1.0) 48 (R)J3b 85 20 

a All reactions were carried out in toluene at -45 °C. For general procedure, see note 3. 
b Data taken from Table 1. 

Using 0.1 equivalent of (R,R)-lf, the reaction was carried out in the presence of various achiral ligands 

(runs 5-15). Although catalytic efficiency is still unsatisfactory, the fact that the product ((R)-Sb) was obtained 

in 66% yield and 80% ee using 2 equivalents of 2b (run 7) clearly shows that turnover of (R,R)-lf is occurring 

during the reaction, and thus, provides the first example of catalytic asymmetric alkylation of achiral lithium 

enolates for the construction of chiral quaternary carbon centers. 6 
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