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Enantioselective Methylation of the Lithium Enolate of 1-Tetralone
Mediated by Chiral C2-Symmetric DMEU Derivatives
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Abstract: Chiral C;-symmetric DMEU derivatives were designed and synthesized as
chiral ligands for lithium. The reaction of the lithium enolate (2) of 1-tetralone (1) with
methyl iodide in toluene in the presence of a DMEU derivative (11) and hexamethyl-
disilazane gave (S)-2-methyl-1-tetralone ((S)-3) in up to 92% eec.
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Hexamethylphosphoric triamide (HMPA) has been used widely in organic synthesis for its unique
properties as a dipolar aprotic solvent and as a monodentate ligand to form complexes with metal cations.2
Since the industrial use of HMPA is not recommended in view of its possible carcinogenicity, cyclic urea
derivatives, such as DMPU (N,N'-dimethyl-N,N'-propyleneurea3) and DMEU (N, N'-dimethyl-N,N'-
ethyleneurea%), were developed as safe substitutes having similar properties.5
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In the course of our studies on enantioselective alkylation of achiral lithium enolates with achiral alkyl
halides mediated by chiral amines as ligands for the lithium,5 we became interested in designing chiral versions
of these cyclic urea derivatives as chiral ligands. Since we expected by model studies that 5-membered and C;-
symmetric chiral urea derivatives would give better chiral environment than the corresponding 6-membered
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ones, we prepared various chiral C;-symmetric derivatives (4~16)7 of DMEU, and examined their effects on
the stereochemical course of the reaction of the lithium enolate (2) of 1-tetralone (1) with methyl iodide to give
2-methyl- [ -tetralone (3).8 The results are summarized in Table 1.

Table 1 Enantioselective Methylation of 2

(0] OLi 0
(@é Lithium amide 1) Ligand @j”e
Solvent 2) Mel (10 equiv.)
48 hr
1 2 (S9)-3
Ligand  Additive Temp 3

Run Lithium Amide® (1.1eq) (eq)  Solvent  (°C) Chem.Y. (%) E.E.(%)° Confign.

1 LDA none none toluene -45 10 - -

2 LDA DMPU none toluene -45 27 - -

3 LDA DMEU none toluene -45 45 - -

4 LDA 4 none toluene -45 13 45 s

5 LDA 4 none ether -45 4 19 S

6 LDA 4 none THF -45 52 0 -

7 LDA 4 none DME -45 57 0 -

8 LDA 5 none toluene -45 13 19 S

9 LDA 6 none toluene -45 48 0 -
10 LDA 7 none toluene -45 9 9 S
11 LDA 8 none toluene -45 0 - -
12 LDA 9 none toluene -45 30 1 R
13 LDA 10 none toluene -45 40 8 S
14 LDA 1 none toluene -45 38 40 S
15 LDA 11° none  toluene -45 47 39 S
16 LDA 12 none toluene -45 12 2 -
17 LDA 13 none toluene -45 22 4 -
18 LDA 14 none toluene -45 24 0 -
19 LDA 15 none toluene -45 16 0 -
20 LDA 16 none toluene -45 32 0 -
21 LTMP 11 none toluene -45 36 29 S
22 LHMDS 11 none toluene -45 41 50 S
23 LHMDS 1" none toluene -78 34 82 S
24 LHMDS 1 HMDS (4.0) toluene -78 49 92 S
25°  LHMDS 11 HMDS (4.0) toluene  -78 66 90 s

a) In all cases, lithium amide (1.1 eq.) in hexane solution was used. b) The ee values of the product were determined by
HPLC analysis using a chiral column (Daicel OD-H). c) Three equivalents of 11 were used. d) The reaction was carried
out for one week.

We first examined the effects of DMPU and DMEU on the chemical yields of the reaction in toluene.
Under the same reaction conditions, it is shown that the chemical yields of 3 were increased in the presence of
1.1 equivalents of these cyclic urea derivatives (runs 1~3). This fact suggests the possibility that chiral DMEU
derivatives may work as chiral auxiliaries to render the reaction enantioselective. Encouraged by these data, we
designed chiral DMEU derivatives in two ways.
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In the first approach, a cyclic urea derivative (4) was synthesized having two chiral centers in the ring
and CHy-But group on both nitrogens. We designed this compound as a chiral ligand based on the assumption
that the Bu! group in 4 will orient itself exclusively in the other side of the nearest phenyl group on the chiral
carbon.%:10 In the presence of 1.1 equivalents of 4, it is shown that chemical yield and ee of the product (3) are
dependent on the solvent used under the same reaction time (48 hr) at -45°C (runs 4~7). Thus, in less polar
solvents such as toluene (run 4) and ether (run 5), the reaction gave an optically active product in lower
chemical yields, while in more polar solvents such as THF (run 6) and DME (run 7), a racemic product was
obtained in higher chemical yields. From these data, toluene was selected as the solvent of choice. Among the
compounds (4~8) having an R group of different sizes, 4 was found to be most efficient as a chiral ligand to
give the product in 45% ee. It is also shown that chemical yield of the product becomes lower as the bulkiness
of the R group increases, presumably due to the steric hindrance for coordination of the urea carbonyl group to
the lithium.

In the second approach, a cyclic urea derivative (9) was examined having a chiral center at the
substituent on both nitrogens. Although ee of the product was low, 9 gave the product in higher chemical yield
(run 12) than 4 (run 4). It is interesting to note that this cyclic urea derivative having an a-branched alkyl group
on both nitrogens can also work as a ligand to the lithium to enhance the reaction. Therefore, several
derivatives (10~16) having chiral center(s) and an alkoxy group as an additional ligation site at the substituent
on both nigrogens were synthesized from the corresponding optically active p-amino alcohols. Among them,
only 11 gave the product in moderate chemical and optical yields (run 14). The substituent on oxygen (runs
13, 14, and 16) and relative configuration of the two chiral centers on the substituent (runs 14 vs. 20) are found
to be important for asymmetric induction, while cyclic urea derivatives (14, 15) having one chiral center on the
substituent on both nitrogens did not work as a chiral ligand (runs 17 and 18). Moreover, the use of a 3-fold
excess of 11 did not improve the optical yield of the product (run 15).

We have also found that the lithium amide used as a base for the preparation of the lithium enolate of 1
also affects the reaction. Thus, in the reaction using 11 as a chiral ligand, the use of lithium tetramethyl-
piperidide (LTMP) reduced enantioselectivity of the reaction (run 21), while the use of lithium hexamethyl-
disilazide (LHMDS) improved it (run 22). It is also shown that the presence of excess hexamethyldisilazane
(HMDS) increased the enantioselectivity of the reaction (runs 23 vs. 24). Racemization of the product during
the reaction was found to be minimal, because elongation of the reaction time increased the chemical yield of the
product in almost the same enantioselectivity (run 24 vs. 25).

A typical experimental procedure is as follows (run 24). Under argon atmosphere, a solution of n-
butyllithium in hexane (1.71 N, 0.64 ml, 1.1 mmol) was added to a solution of HMDS (1.08 ml, 5.1 mmol) in
toluene (6 ml) at -78°C. After stirring for 10 min, a solution of 11 (589 mg, 1.1 mmol) in toluene (3 ml) was
added, and the whole was stirred at -789C for 10 min. A solution of 1 (146 mg, 1.0 mmol) in toluene (3 ml)
was added. After stirring for another 20 min, methyl iodide (0.62 ml, 10 mmol) in toluene (3 ml) was added,
and the whole was stirred at -78°C for 48 hr. The reaction mixture was quenched with 10% aqueous citric acid,
and the whole was extracted with ethyl acetate. The organic extracts were combined, washed successively with
20% aqueous Na25203, saturated aqueous NaHCO3, and saturated aqueous NaCl, and dried over MgSOy4.
Evaporation of the solvent under reduced pressure gave a residue, which was purified by column
chromatography (silica gel, hexane-ether (50:3)) to give (5)-3 (78.8 mg, 49%), {a]p?5 -48.1 (¢, 2.1, dioxane),
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as a pale yellow oil. Enantiomeric excess of this product was determined to be 92% by HPLC using a chiral
column. The starting material (1) (64.0 mg, 44%) was recovered.

Although rate enhancement of this reaction is still moderate, the present results clearly show that a chiral

C,-symmetric cyclic urea derivative (11) can work efficiently as a chiral ligand for enantioselective reaction of
achiral lithium enolate (2).
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It is shown by X-ray analysis that the conformation of 5 in a solid state is as expected. Details will be
reported elsewhere.
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