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Abstract: Oxidation of the title enolate by enantiopure (camphorylsulfonyl)axiridines in THF 
afforded a-hydroxyester with 53-73% ee, but the product from the solid state reactions was racemic. 
The results suggest that the enolate exists and reacts as an aggregate in the solid state reactions. 

It is well established that lithium enolates in nonpolar and weakly polar solvents usually exist as 
aggregated species such as dimers, tetramers, hexamers.1 Them is also a growing body of evidence indicating 
that the aggregate structure of an enolate significantly influences the mgio- and stereochemistry of the solution 
reactions with electrophiles2 However, a key question remains unanswered. i. e. what are the structures of the 
enolates that actually reacz in solution? Recently, we reported the fmt comparative study of the solid state and 
solution aldol addition reactions of the lithium enolate of methyl 3,3dimethylbutanoate (1) with various 
aldehydes3 The diastemoselection of the solid state reactions was found to be essentially identical to that of the 
solution reactions, which suggests that the same reacting species and transition states are involved in both the 
solid state and the solution aldol reactions. 3 We became interested in investigating the solid state asymmetric 
oxidation of enolates by enantiopure (camphorylsulfonyl)8 in view of theii value in synthetic orgauic 
chemi~try.~ Furthermore, based on theoretical calculations, it has been propo8ed5 that a monomeric enolate is 
involved in the transition state for the asymmetric oxidation. Enolate 1 is known to exist as a tetrameric 
aggregate in the solid state!. 6 %k reasoned that the 8tereocbemiCd outcome from the asymmetric oxidation of 1 
in the solid state should be quite different from that in solution media, because in the solid state dissociation of 
tetramer to lower aggregates and monomer would be severely hindered if not completely suppressed. In this 
paper, we present our preliminary results on the fast solid state oxidation of 1 by enantiopure (+)- and (-)- 
(camphorylsulfonyl)oxaxiridines (2). The enantiomeric composition of the product, methyl 2-hydroxy-3,3- 
dimethylbutanoate (3). of the solid state reactions am compared with that of the same reactions performed in 
solution media. 
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The lithium ester enolate 1 was prepared as a white solid by treating methyl 3,3dimethylbutanoate with 
freshly made LDA in THF at -78 “C followed by evaporation of the solvents at low temperatures (< -20 “C) 
under vacuum, according to literature procedures. 6 The general procedure for the solid state oxidation 
reactions am similar to that for the solid state aldol add&ion reaetion~.~ Thus, enolate 1 (1.2 equlv) and the 
enantiopure (camphorylsulfonyl)oxaxiridines (2)’ (1 equiv) were separately ground to a fm powder and mixed 
at the appropriate temperature with agitation under a dry argon atmosphere. After 4 h, the reaction mixture was 
quenched with aqueous NH&l followed by extraction with diethyl ether. The solvent was removed at reduced 
pressure to yield the crude product, which was further purified using preparative TLC or flash chromatography 
with pentan&t20 (3: 1 by volume) as eluent. It should be noted that the reaction mixture apparently remained 
solid during the entire reaction period prior to quenching. For the solution reactions. enolate 1 was prepared at 
-78 ‘C and reacted directly with the oxidant in THF. All the products were characterized by NMR spectroscopy. 
The enantiomeric excess (ee) and configuration were determined by comparison of optical rotations with 
literature values.8 The results are summarked in Table I. 

Table I. Oxidation of the Lithium Enolate of Methyl 3,3-Dimethylbutanoate (1) by 
Enantiopure (Camphorylsulfonyl)oxaxiridines (2) in THF and in the Solid State for 4 h. 

entry condition 

1 THF 
2 Solid State 
3 THF 
4 Solid State 
5 THF 
6 Solid State 
7 THF 
8 Solid State 
9 THF 

10 Solid State 

oxaxiridine T(Y!) % ee yield (%) Configuration 

(-)-2a -78 58 29 S-(+) 
(-)-2a -78 0 16 (*) 

(+)-2a -78 68 35 R-(-) 
(+)-2a -78 0 17 (*) 
(+)-2a 22 57 37 R-(-) 
(+)-2a 22 0 15 (*) 
(-)-2b -78 73 48 S-(+) 
(-)-2b -78 0 14 (*) 

(+)-2b -78 75 66 R-(-) 
(+)-2b -78 0 20 (*) 

ln general, the oxidation reactions in THF solution gave the a-hydroxyester 3 in 2966% yield and 58- 
73% ee. In a striking contrast, all of the solid state oxidation reactions afforded racemic material with no 
measurable rotation in lower yields (s 20%). For example, treatment of the powdered lithium enolate 1 with 
powdered (-)-2a in the solid state at -78 “C for 4 h produced racemic methyl 2-hydroxy-3.3dimethylbutanoate 
(3) in 16% yield after purification (Table I, entry 2). The same oxidation performed in THF produced S-(+)-3 
with 58% ee in 29% yield (Table I, entry 1). It is known that (+)- or (-)-(8,8-dichlorocamphorylsulfonyl)- 
oxaxiridine (2 b) often gives higher ee’s than the corresponding 2a in the asymmetric oxidation of metal enolates 
in solution.7 Indeed, the oxidation of 1 by (-)-2b in THF at -78 “C afforded S-(+)-3 in 73% ee. However, the 
product obtained in the solid state oxidation was, again, racemic. The reaction temperatum appears to have little 
effect on both the yield and the stereochemical outcome of the solid state oxidation (compare entry 4 with 6). We 
have also found that increasing the amount of the enolate has no sign&ant effect on the stereoselectivity or yield 
of the solid state reactions. For example, treatment of 2 equiv of 1 with 1 equiv of (+)-2a at -78 “C gave a 
racemic 3 in 14% yield. Furthermore, to rule out the possibility of racemization of 3 under the conditions in the 
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solid state reactions, the solid state re@ons were perfomxd in the presence of an enantioenriched 3 of a known 
ee (e.g. 58%) in the reaction mixture. The isolated a-hydroxyester after the reaction was found to be optically 
active. To check whether isolation of the enolate 1 would affect the reactions, the solid enolate 1 was prepared 
and kept at room temperahue for 24 h in argon. It was then redissolved in THF followed by oxidation with (+)- 
2a at -78 “C. The product obtained (21% yield) had an ee of 48%. which is somewhat lower than, but still 
comparable with, tbe ee of the reaction employing freshly prepared 1 in THF (68%. Table I, entry 3). 

All of the above observations suggest that the stereochemistry and reaction pathway in the solid state 
differ significantly from those in solution. In search for the reasons for the enantioselectivity in the solution 
oxidation of lithium enolates with chiral oxaziridines, Bach et aL5 performed a series of molecular orbital 
calculations at the I-E/6-3 l+G*//HF/4-3 l+G level. Their results suggest that oxygen atom transfer involves a 
“closed” transition state (e.g. 4) with the lithium cation binding to the ring oxygen and nitrogen atoms, and 
possibly to the sulfonyl oxygen as well, in (camphorylsulfonyl)oxaziridines. Thus, as limited by the 
coordination number of lithium cation, the lithium enolate must react in a non-aggregated monomeric form. 
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Seebach et al. 6 have demonstrated by X-ray crystallographic studies that the solid enolate 1 exists as a 
tetrameric aggregate, which has a LilcO, cubic structure with each lithium atom being surrounded by three 
enolate oxygens and one THF oxygen. In the solution reactions, the tetrameric enolate 1 could dissociate into, 
and equilibrate with, other aggregates (e.g. dimer) and non-aggregated monomer. The monomeric enolate 1 
could react with the oxaziridine, leading to the observed high ee’s. In the solid state reactions, the aggregated 1 
is unlikely to undergo the dissociation to a monomer that is necessary to form the highly coordinated transition 
state 4. Therefore, enolate 1 may react directly in aggregated form in the solid state as illustrated in structure 5, 
leading to racemic a-hydroxyester 3. At the present time, we cuntwt establish the exact identity of the reacting 
enolate species and the transition state involved in the solid state oxidation for lack of detailed knowledge about 
the nature of interface between the solid reactants. The lattice structure of 1 could also be modified during the 
reactions and become different from the X-ray picture. 6 Moreover, there are other possible interpretations of the 
enantioselectivity observed in the solution reactions, g though our results are apparently in consistence with the 
model proposed by Bach et al. Further investigation along this line is in progress. 

In summary, we have presented the first solid state oxidation of the lithium enolate of methyl 3,3- 
dimethylbutanoate with enantiopure (camphorylsulfonyl)oxaziridines. The stereochemical outcome of the solid 
state reactions was found to be strikingly different from those performed in solution. The reactions in THF 
afforded the enantiomerically enriched a-hydroxyester in 53-738 ee, but the product obtained from the solid 
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state reactions was racemic. The most likely reason for the lack of stereoselectivity in the solid state is that the 
enolate exists and l~cis as rm czggregai in the solid state, while in solution the enolate may react as a monomer. 
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