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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.! We have previously
reported that some chiral multidentate amine ligands are efficient chiral auxiliaries for enantioselective
alkylation,22-¢ aldolization,2f Michael addition,2&h and protonationZid by this strategy. In the alkylation of the
lithium enolate (4a) of 1-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 tetradentate amine ((R}-1a) (for example, run 1 in Table 1)2¢. It is also shown
that catalytic asymmetric alkylation is realized by using less than a stoichiometric amount of (R)-1a in the
presence of 2 equivalents of achiral bidentate amine (2b).2¢ However, construction of chiral quaternary carbon
center by asymmetric alkylation of the lithium enolate (4b) of 2-methyl-1-tetralone by the same strategy was not
successful, even in the presence of a stoichiometric amount of (R)-1a (for example, run 2 in Table 1). A
systematic survey focused on chiral tetradentate amine ligands for the construction of chiral quaternary carbon
centers revealed that (R, R)-1f with C>-symmetric nature was most effective for this purpose.
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Table 1 Enantioselective Alkylation of 4 Using 1 (1 equivalent) in the Presence of LiBr?

i Product
Substrate  Ligand Temp. Time
Run 4 1 R-X Solvent (°C)  (hr) 5  Yield (%) E.e. (%)
1P 4a (R)-1a PhCHBr toluene 45 18 (R)5a 56 97
2 4b (R)1a PhCHBr toluene -18 48 (R)5b 16 12
3 4b (R)-1b PhCH,Br toluene -18 48 (R)-Sb 60 13
4 4b (R)-1c PhCH,Br toluene -18 48 (R)5b 43 3
5 4b (R)1d PhCH,Br toluene -18 48 (R)5b 64 31
6 4b (R.R)-1e PhCH.Br toluene -18 48 (R)-5b 58 42
7 4b (R.R)-1f PhCH,Br toluene -18 48 (R)-5b 97 85
8 4b (R.R)1g PhCHBr toluene -18 48 (R)5b 66 47
9 4b (R.R)-1f PhCH,Br toluene -45 48 (R)5b 93 94
10 4b (R,R)-1t PhCH,Br toluene -45 18  (R)-5b 86 93
1 4b (R.R)-1f PhCH,Br toluene 78 18 (R)5b 8 97
12 4b (R.R)-1f PhCH,Br DME -45 18 (RS)-5b 26 ~0
13 4b (R.R)1f PhCH,Br THF 45 18 (RS)Sb 46 ~0
14 4b (R.R)11 PhCH,Br ether -45 18 (R)5b 17 30
15 4b (R.R)-11 PhCH,Br hexane -45 18 (R)Sb 14 76
16 4a (R.R)-11t PhCH,Br toluene -45 18  (R)5a 57 84
17 4b (RR)1t  CHo=CH-CH,Br toluene -45 18 5d 63 97
18 4b (R.R)11 "Bul toluene -45 18 Se 0 .
19 4c (R,R)-1t Mel toluene -45 18 (S)-5b 5 73
20 4d (R.R)-1f PhCH,Br toluene -45 18 Sc 14 51

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

Table 1 shows the results of a survey for chiral ligands and experimental conditions? using a stoichio-
metric amount of chiral tetradentate amines ((R)-1a~(R,R)-1g). For the benzylation of 4b, (R,R)-1f was the
best ligand among them, giving the product ((R)-Sb)* 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,22-¢ 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)-1f as the ligand for the lithium of lithium enolate. It is also shown
that (R,R}-1f 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 (4¢, 4d) 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)-1f was made using the conditions
reported previously.2¢ The results are summarized in Table 2. The reaction does not proceed practically in the
absence of any ligand (run 1). In the presence of ligand(s), the reaction is enhanced greatly in the presence of |
equivalent of (R,R)-1f (run 2), but not at all in the presence of 0.1 equivalent of (R,R)-1f (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)-
1f and 2 is fulfilled, expecting ligand exchange in situ.

Table 2 Catalytic Benzylation of 4b with Benzyl Bromide (10 equivalents) Using (R,R)-1t
in the Presence of Achiral Ligand to give (R)-5b®

Chiral ligand  Achiral ligand Product
Run  (R,R)-1f (eq) 2 (eq) Time (hr) 5b Yield (%) E.e. (%)
1 0 0 18 (RS)-5b ~0 .
2b 1.0 0 18 (R)-5b 86 93
3 0.1 0 18 (R)-5b -0 .
4 0 2b (2.0) 18 (RS)-5b 12 .
5 0.1 2a(2.0) 48 (R)-5b 14 48
6 0.1 2b (1.0) 48 (R)-5b 28 86
7 0.1 2b (2.0) 48 (R)-5b 66 80
8 0.1 2b (2.0) 96 (R)-5b 69 77
9 0.1 2¢ (2.0) 48 (R)-5b 49 88
10 0.1 2c (3.0) 48 (R)-5b 33 77
1 0.1 2d (2.0) 48 (R)-5b 14 87
12 0.1 DME (2.0) 48 (R)-5b 4 18
13 0.1 2e (2.0) 48 (R)-5b 19 84
14 0.1 2t (2.0) 48 (RS)-5b 89 -0
15 0.1 29 (1.0) 48 (R)-5b 85 20

8 Al reactions were carried out in toluene at -45 °C. For ¢ieneral procedure, see note 3.
® Data taken from Table 1.

Using 0.1 equivalent of (R,R)-1f, 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}-5b) was obtained
in 66% yield and 80% ee using 2 equivalents of 2b (run 7) clearly shows that turnover of (R,R)-1f 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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The general procedure is as follows. Under argon atmosphere, a solution of TMS enol ether (3) (1.0
mmol) and DME (0.20 mmol) in a solvent (8.9 mL) was treated with a solution of MeLi (1.0 mmol) and
LiBr (1.1 mmol) in ether (purchased from Kanto Chemical) at room temperature for 30 min. A solution of
a chiral tetradentate amine (1) (0.10~1.0 mmol) in a solvent (3.0 mL) [and an achiral bidentate amine (2) or
DME in the case of catalytic conditions] was added. and the whole was stirred at -20 °C for 40 min. Then,
at -78 °C, a solution of alkyl or allyl halide (10 mmol) in a solvent (2.0 mL) was added dropwise within 2
min, and the whole was stirred at a desired temperature for a desired time. The reaction mixture was
guenched by adding 10% agq citric acid (10 mL). After warmed to room temperature, the organic layer was
separated and the aq layer was extracted with ether (20 mL x 2). The combined organic layers were
washed successively with satd ag NaHCOj3 (20 mL x 2) and brine (20 mL x 1), dried over anhyd MgSOjy,
filtered and evaporated to give the crude product. which was purified by column chromatography (silica
gel, hexane-ether 50:1) to give a mixture of the target compound and the ketone derived from the starting
TMS enol ether. The mixture was analyzed by HPLC using a chiral column (Daicel Chiralcel OJ® or OD-
H®) to determine the enantiomeric excess and the chemical yield using naphthalene as an internal standard.

. The absolute configuration of (S5)-5b was determined by the synthesis from the known (2S,45)-2-benzyl-

4-(hydroxymethyl)-2- methyl-4-butanolide (I by a sequence of reactions described below.
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