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Abstract: Enolates derived from optically pure oxawlidines couple with high stereoselectivity when oxidized 

with iodine or cupric salts. 

Although first reported in 1935 by Ivanoff,* the oxidative coupling of enolates has only found limited use for 

carbon-carbon bond formation during the past twenty-five years. The reaction pmceeds to give good to excellent 

yields and has been utilized in the synthesis of a number of natural products.2 Not only has its synthetic value 

been recently realized. but its mechanism has been the focus of a substantial research effort. Rathkef employed 

Cu(II) salts as oxidant and proposed a radical-radical coupling mechanism. Brocksom,d Belle&,5 and Fox6 

have performed the reaction using 12 as an oxidant. 
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An electron transfer mechanism was postulated by Belletire who has also examined the stereoselectivity of 

the reaction and has observed a dlmeso ratio of 11: 1 for the oxidative coupling of the dianion of phenylacetic 

acid while a 15 dlmeso ratio was found for the coupling of the enolate of ethyl phenylacetate.5 It was also 

reported that the coupling of 3-phenylpropionic acid dianion gives mostly dl product. Although relative control 

of contiguous stereogenic centers is possible, there are no reports of control of absolute stereochemistry in this 

coupling reaction. We now report the synthesis of succinamide derivatives with excellent absolute stereocontml 

via the coupling of chhal amide enolates. 

The use of oxazolidines as chiral auxiliaries has proven successful for controlling the stereoselectivity of 

chemical reactions. Hegedus7 has utilized oxazolidine auxiliaries in metal-carbene chemistry and we have 
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demonstrated control of stereochemistry in free radical addition and atom transfer reactions using oxazolidines, 

thiazolidines and substituted pyrrolidines as auxiliaries. 8 Thus, we decided to explore the possibility of utilizing 

the directing ability of the oxazolidine auxiliary for controlling the stereochemistry of the oxidative coupling 

reaction. 

Oxazolidine 1 was readily synthesized in overall yield of 70% from commercially available valinol in two 

steps. This was achieved by reaction of valinol with acetone in the presence of MgS04 followed by subsequent 

acylation with butyryl chloride and N-methyl morpholine in methylene chloride 1. 

A typical procedure for the oxidative coupling of 1 follows. To a 0.3M solution of 1 in freshly distilled 

tetrahydrofuran at -78’C under an atmosphere of argon was added 1.1 eq. of lithium diisopropoylamide. The 

reaction mixture was kept at this temperature for 2Sh and subsequent inverse addition to a OSM solution of 

molecular iodine or CuCI;! in tetrahydrofuran at -78°C via cannula was accomplished. The ice bath was removed 

after 30 min. and the reaction was allowed to warm to room temperature. Flash chromatography in 12.5% ethyl 

acetate/hexane separated the dimers from the other products. High performance liquid chromatography in 1% 

isopropanol/hexane gave complete separation of the dimers. 

Oxidation of the enolate of 1 with molecular iodine at -78’C gave rise to the products, 2-5 (Scheme 2). All 

three possible diastereomers of the dimer 2 were formed in this reaction. The combined yield of the dimers was 

typically 40-50% after isolation by liquid chromatography. The ratio of RR:RS:SS i.e. 2a:2b:2c was determined 

by gas chromatography to be 92:3:5 at -78’C and 80:14:6 at OOC. The configurations of two of the diastereomers, 

2a and 2b, were established by single crystal x-ray analyses. Rio The asymmetric crystal unit of the major 

diastereomer 2a consists of two molecules with similar conformations; a view of the solid-state conformation of 

one of these molecules is presented in Figure 1. The other products of this reaction were the a-iodoamides 3a 

and 3b, the a&unsaturated amide 4 and the Michael adduct 5. 

configuration of 3b and 5 were also determined by x-ray analysis. 

The ratio of 3a:3b was 5:l at -78’C. The 
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The addition of the radical or the enolate derived from 1 to amide 4 would explain the formation of 5 

(Scheme 3). Only one stereoisomer of 5 was formed in this reaction. We note that Heathcock* and 

Yamaguchilz have shown that chiral enolates of amides add to a&unsaturated systems with a high degree of 

stereoselectivity. 
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Fig. 1 Solid-state Conformation of Dimer 2s (only H’s on stereogenic centers shown for clarity) 
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When CuCl2 was used in place of 12, the ratio of 2a:2b:2c was 98: 1: 1 for the reaction carried out at -78’C. 

The yield of the dimers was 50-55%. a-Chloroamides (the formation of which is similar to a-iodoamides 3a and 

3b), were formed in an 11:l ratio along with a small amount of 5. The combined yields of 3a and 3b were 12% 

while that of 5 was 8%. 

To test the possibility of an St.12 pathway in the formation of h-C, the enolate of 1 was allowed to react with 

the major iodide, 3a. The dimer of the RS configuration should be the only isomer formed via a strict SN2 

mechanism. When this reaction was carried out, the products were 1. a&unsaturated amide 4 and Michael 

adduct 5. Again, only one stereoisomer of the Michael adduct was observed. No coupling products were seen in 

this reaction.2 This suggests that an SN~ pathway is not operative in the 12 coupling since no dimers were formed 

in the model reaction. 

The radical coupling mechanism was also tested. Reaction of the enolate of 1 with diphenyl-diselenide 

gave two a-phenylselenoamides in a ratio of 39:l. Photolysis of these phenylseleno compounds at 0” C in the 

presence of hexabutylditin gave 1,4, and the dimers 2a:2b:2c in a ratio of 5.56 1: 1. The low stereoselectivity 

observed in this reaction, which we believe proceeds by an authentic radical coupling mechanism, suggests that 

the enolate oxidative coupling does not occur by encounter and coupling of free radicals. We note that these 

results do not exclude the intermediacy of a reactive radical pair that collapses with stereoselectivity. A 

mechanism involving a radical intermediate that undergoes addition to an enolate is likewise not excluded by the 

model studies. 

The overall synthesis of the optically pure succinamide 3a involves three steps from commercially 

available starting materials. Selectivity is excellent for the cupric salt catalyzed reaction and the RR product can 

be obtained pure by simple flash column chromatography. Although the mechanism of the coupling reaction 

remains in doubt, this report makes clear that absolute control of stereochemistry in enolate oxidative coupling is 

possible. 
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