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Abrrtract: The alkylation of KaradylSeebach oxazolidinone enolates with epoxides. promoted by 2.1 equivalents 01 
diethylaluminum chloride, furnishes ring-opened adducts in moderate-to-good yields with high diaeteraoselectiiity. The 
method provides an effective approach to uncoded hamoserine analogs and expands the utility of readily available 
oxazoliiinones in asymmetric synthesis. 

The enantioretentive alkylation of 1,3-oxazolidin-&ones. introduced by Karady’ and Seebach, has become a 

standard method for the synthesis of uncoded a-amino acids, particularly a,a-disubstituted structures3 However, we and 

others4 have observed that this process is limited to highly electrophilic alkylating agents such as methyl, ally1 or benzyl 

halides, aldehydes, acid chlorides and nitro olefins; unactivated primary or secondary halides react sluggishly or not at all. In 

connection with our program directed toward the design and synthesis of novel HIV-1 protease inhibitors,5 we attempted 

unsuccessfully to alkylate oxazolidinone (+)-1 with the highly iunctionalized primary iodide (-)-2 under a variety of 

experimental condiiins (Scheme 1). We then decided to explore the coupling of 1 with epoxide (+)-36 (Scheme 2). a 

precursor of 2. 

Scheme 1 

A literature search provided no precedent for the alkylation of l,3oxazolidin-5-one enolates with epoxides, 

although Seebach and associates had reported a related coupling of an imidazolidinone enolate with ethylene oxide in the 

presence of 8F8*OE12.7 Accordingly, we began by studying the reaction of the enolate of (+)-1 with 3 and BF9mOEt2, 

isolating alcohol (-)-4 in 30% yield as a 7:1 mixture of diastereomers. After examining several Lewis acids, we discovered 

1) KHMDS. THF. -7U ‘c 

Scheme 2 

1) Me*C(OMe~, Me*co 
p-T&H (019b) 

2) 0.5 HNsOH, I:1 MaOtUH,O 
mttux.Z?h 

3)K&O.DMF;hW 
4) tW&J,. dhmdme. TktF 

176%. 3 stmA 

that addition of diethylaluminum chloride (ca. 6 equiv) to a mixture of the potassium enolate and epoxide at -78 “c (Scheme 

2) furnished 4 in 82% yield. As anticipated. alkylalion occurred anti to the t-butyl substituent; ‘H NMR analysis revealed only 

a trace of the minor diastereomer (>97% de). Protection of the hydroxyl and NH groups (dimethoxypropane, pTsOH) 
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followed in turn by hydrolysis (0.5 M NaOH,l:l 

MeOH/H20), esterifiiation of the resultant carboxylic 

acid (Mel, K2C03. DMF), and removal of the Allot 

protecting group [Pd(PPh3)4, dimedone] furnished 

amino ester (+)-5 (76% for three steps), as required for 

the synthesis of our target HIV-1 protease lnhibitor.4 

To define the scope and limitations of the new 

alkylation protocol, we evaluated several 

oxazolktinones. epoxides, solvent systems and Lewis 

acids. Of the five Lewis acids examined (Table 1, 

entries 14 and S), diethylaluminum chloride gave the 

highest yields. In general, toluene proved to be a 

superior solvent (entries 6 and 6). except for coupling 

of 1 with 3. The optimal quantity of Et2AICI appeared 

to be P.lequivalents (entries 5-7). 

Table 1. Evaluation of Lewis acids and solvents. 

1 1 Toluene 1 Tiit4 (3.3) I 0 

2 1 Toluene 1 Bu2BOTf (2.2) 1 0 

3 Toluene BF3*OEt2 (2.2) 29 

4 Toluene Me3AI (2.1) 46 

5 Toluene Et2AICI (1.1) 36 

6 Toluene Et2AICI (2.1) 69 

7 Toluene Et2AICI (3.1) 69 

8 THF Et2AICI (2.1) 32 

In the couplings of various epoxides and oxazolidinones, diastereoselectivities typically exceeded 95% (Table 2). 

Monosubstituted epoxides alkylated exclusively at the less hindered position (entries 6 and 7; also see Scheme l), whereas 

epoxycycbhexane (entry 6) dM not react. Entry 6 illustrates the utility of the enantiomerically enriched epoxkles available via 

Sharpless asymmetric epoxidation. Interestingly. coupling of racemic propene oxide (two equiv) occurred with modest 

kinetic reeolution, leading to a 3:l mixture of diastereomeric alcohols (entry 7). Only two of the four possible products were 

detected, again suggesting excellent facial selectivity. 

The results described above seem likely to derive from the alkylation of aluminum enolates8 via open transition 

structures. Closed (i.e., six-membered-ring) transition states appear unlikely: models indicate that the latter arrangement 

would not penit the correct trajectory for SN2 attack. The reactions presumably involve two equivalents of diethytaluminum 

chloride, one for generation of the aluminum enolate and a second for activation of the epoxide oxygen. This hypothesis is 

in acccrd with the observation that two equivalents of Lewis acid are required for optimal yields (vide supfa). For the reaction 

of (-)-1 with racemic propene oxide, models revealed that coupling with the S epoxide shoukl be impeded (Figure 1) by 

stedc interactions with the bulky enolate; this expectation was borne out by X-ray analysis of the major diastereomer (+)-Ma 

(Figure 2). 

Figure 1, Proposed transition structures for the reactions of the 

aluminum enolate of (+)-1 with the enantiomers of propene oxide. 
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Table 2. Variation of oxazoliiinone and epoxide reactants. 

Oxazolidinone Epoxide I Product9 Yield (%) Selectivrty (de) 

Flgure 2. Crystal structure of alcohol 14% derived from (-)-1 and (R)-epoxypropene. 

The alkylated oxazoliinones can be readily converted to the corresponding amino esters via methodology that we 

have previously described.‘O For example, (-)-6 was transformed (Scheme 3) to amino ester (+)-Xi9 by treatment with 

MEW3 (89%). folbwed by hydrolysis (1 N NaOHiMeOH, 13, 65 “C), esterification (Mel. Ks03, DMF: 97% for two steps), 

and removal of the Albc protecting group [Pd(PPhg)q, dimedone, 919/o]. 
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Scheme 3 

Representatlve procedure: A solution of KHMDS in toluene (1.10 mL, 0.5 N, 0.55 mmol) was added to a 

aolutbn of (-)-1 (158.2 mg, 0.498 mnwl) in dry toluene (5 mL) at -78 “C under argon. After 15 min a solution of 

dfethyhfuminum &bride in heptane (1.05 mL. 1 .O N, 1.05 mrnol) was introduced dropwise and the resultant mixture stirred 

for 15 min. Excess gaseous ethylene oxide was then added via a balloon. The reactiin mixture was stirred 1.75 h further at 

-78 “c and then quenched at -78 ‘C with a mixture of NafiO&OH20 (ca. 5 g), Na2Ce (ca. 100 rng) and ether (20 ml). The 

resultant suspensbn was stirred for 1 h at ambient temperature. Following filtration and concentration in vacua, fhsh 

chromatography (hexanes/EtOAc; 6:l to elute unreacted starting material, then 2:1) afforded (-)6 (121.8 rng, 68% yield). 
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